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COAL AND LIGNITE. 



STEATieRAPHY AND COAl BEDS OF THE INDIANA 
COAL FIELD. 



By George H. Ashley. 



INTRODUCTION. 

In 1898 the State Survey of Indiana published a detailed report on 
the coal deposits of that State. In the years between 1898 and 1908 
the coal industry of the State expanded greatly, several hundred new 
mines having been opened and literally thousands of drillings having 
been put down. The result of this work was to multiply greatly the 
available knowledge of the coal measures, as well as to show the 
existence of errors in the earlier report. In cooperation with the 
State the United States Geological Survey therefore made a reexami- 
nation of the area of development in 1908, the work being done by 
the writer with the assistance of E, F. Lines. The economic results 
will be published by the state geologist of Indiana, W. S. Blatchley, 
in his annual report for 1908, The scientific results will be pub- 
lished by the United States Geological Survey in a future report on 
the Eastern Interior coal field. The present paper is a brief prelim- 
inary general account of the stratigraphy and coal beds of the Indiana 
coal field. 

THE INDIANA COAL FIELD. 

The coal measures of Indiana lie in the southwestern part of the 
State, extending from Warren County on the north to Ohio River on 
the south, and eastward to a northwest-southeast line running from 
Warren County to Perry County. They cover practically all of 
sixteen counties and parts of nine additional counties. The Indiana 
field is part of the Illinois coal basin, or the Eastern Interior coal 
region. This region has a true basin shape, being deepest in the center 
in southeastern Illinois and rising to a rim on all sides. The Indiana 
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field is a part of the eastern or northeastern rim, extending in the 
southwest comer of the State well into the center of the basin. 

The coal measures have a total thicknessof approximately 2,000 feet, 
of which about 1,300 feet occurs in Indiana. Of this 1,300 feet there 
are 600 feet of barren beds at the top, then a 500-foot interval which 
contains most of the workable coals, followed in descending order by 
200 feet or more of rocks consisting mainly of sandstone. Recent 
work of David White indicates that the rocks of the upper 600 feet 
are of post- Allegheny age, those of the next 450 feet of Allegheny age, 
and the lower rocks of Pottsville age. 

THE COAL BEDS. 

OCCURRENCE. 

Coal occurs at about thirty-four different horizons, of which about 
twenty-five have a fairly wide persistence. Of these beds one is 
workable nearly everywhere in the State where it outcrops and eight 
others are workable over large areas. Several of the smaller beds are 
workable locally. The average thickness of all the beds of the State 
is probably less than 2 feet, but the workable beds range from 3 to 8 
feet. The most important bed in the field probably averages 6 feet 
within its outcrop, and over lai^e areas aver^es 6 to 8 feet. Many 
of the other beds average 6 to 8 feet over several hundred square 
mites, but are thin or absent over adjacent areas. The maximum 
thickness measured was 10 feet 2 inches, though thicknesses of 11 
to 15 feet are reported in "swamps," 

A few individual coal beds can be traced the whole length of the 
Indiana coal field. In one case this tracing appears to be thoroughly 
reliable, and in several others it is apparently good, though the possi- 
bility of error must be admitted. Still other coal beds can be traced 
with only a fair degree of probability. On the other hand, beds 
which maintain a thickness of 6 or 8 feet over large areas thin out 
within the space of a few miles. In some beds such thinning out is 
against the edge of its basin, and though the horizon of the coal can be 
traced for miles no further indication of coal can be seen within the 
State. In other beds the coal is very regular over large areas and 
very irregular over similarly large areas beyond. 

In general the upper beds are much more regular than the lower 
beds. In fact, the lowest beds occur in small, nearly detached basins, 
usually lying in a west of north and east of south direction and ranging 
from a few acres to several square miles in extent. In the center of 
one of these basins the coal may have a thickness of 5 feet, but 
between the basins on the ridges the thickness may decrease to as 
many inches. In these basins it is observed that where the coal has 
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several benches the lowest benches thin out first in approaching the 
rise, so that the coal going over the divide into the next basin may 
represent only the upper part of the top bench. Of even more 
interest la the fact that at two horizons where the coal in the basins 
has a somewhat distinctive section, the same section is repeated from 
basin to basin over hundreds of square miles. 

NAHES OF COAL BEDS. 

Probably no coal field in the United States of equal size has been 
studied ao completely and is now so well known as the Indiana field. 
One result of this study has been to show that as a rule thick or 
workable coals are found at only a few horizons. These horizons 
have been designated by Roman numerals from II to VII. Inter- 
mediate coals have been named by the addition of a small letter to 
the name of the first principal coal below. Thus the rider of coal V 
is coal Va; the atill higher thin coal would be Vb, etc. Coal II is 
the lowest of the coals that David White has thought will prove to be 
of Allegheny t^e. To the underiying coals, thought by him to be of 
Pottaville age, local names have" been given. 

TYPE SECTIOM OF COAL BEDS. 

One of the interesting things that have been emphasized by the 
results of recent drilling is the tendency of the coals in Indiana to 
reach their beat development midway between the north and south 
boundaries of the field. Thus, several coals that are 6 to 8 feet thick 
in Sullivan, Greene, Clay, and Vigo counties are thin or lacking toward 
the north and south ends of the coal field and, with possibly one 
exception, all the workable coals of the State are workable in that 
area. The coals from coal III to coal VIII are best known in Sullivan 
and Greene counties, where each of the numbered beds ranges from 4 
to 8 feet in thickneas, with sections so distinctive that they can hardly 
be confused, and where about four hundred detailed sections, many of 
which show every foot of rock from coal III up to coal VIII, help to 
make the stratigraphy quite clear. Though considerable driUing has 
shown the relation of coal III to all the lower coals in Greene County, 
they are still better known in northeastern Vigo and northern Clay 
counties. 

The portion of the following section from the Merom sandstone 
down to coal III is therefore taken in SuUivan County and the portion 
from coal III to the Lower Block coal in northeastern Vigo and north- 
em Clay counties. The beds above the Merom sandstone are beat 
exposed in Gibson County. 
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Type MCtion of coal meatures in Indiana. 
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The above section does not include the uppermost members in 
Gibson County nor the lowest members in the southeastern part of 
the field. 

To give a better idea of the relation of the intervals between the 
different coal beds and the relative thickness of these beds in different 
parts of the coal field, the foUowing table is inserted: 
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INDIVIDUAL COAL BEDS. 

In discussing the coals it is convenient to take coal V as a base hori- 
zon. It is a thick coal with certain pecuharities of roof which 
render its recognition possible through the whole length of its outcrop 
in Indiana. It is at almost every point characterized by a roof of 
black sheety shale, the under surface of which contains pyrite con- 
cretions that, as a rule, project downward into the coal. In some 
mines these concretions are very abundant, the roof being almost 
botryoidal from their presence. In other mines they are only scat- 
tered, possibly one or two to a room, but they are absent in few of 
the mines. Some qf them project down into the eoal as much as 4 
or 5 feet. Overlying the black shale is a limestone. Similar black 
shales overlie other coals and are in turn overlain by limestones, but 
these coals are almost invariably thin, the accompanying hmestone 
is usually thin, and the presence of the pyrite concretions is not every- 
■ where obvious. There is only one other coal, lying about 300 feet 
stratigraphically below coal V, whose overlying limestone is thick at 
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many places and which is itself of workable thickness. Its position 
so far below coal V, however, insures its outcropping well to the east 
of the outcrop of tliat coal, so that, although the two have often been 
confused in the past, there is no danger, with the present knowledge 
of the coal field, of their being taken for the same coal. Coal V has a 
thickness of 4 to 10 feet, averaging from 5 to 8 feet over a large part 
of the area within which it outcrops and maintaining this thickness 
with considerable uniformity from southwestern Vermilion County, 
where it enters the State, to Ohio River, 

About 70 feet above the top of coal V, in Sullivan County, lies coal 
VI, ranging in that county from 6 to 8 feet in thickness. Practically 
everywhere it is divisible into four benches — an upper bench of about 
2J feet, a thin bench of 4 to 6 inches, a lower bench of about 2^ 
feet, and a bottom bench of 1 foot. The two main benches range 
from 2 to 2^ feet or more. Between these benches occur gray-shale 
partings that are nearly everywhere half an inch thick. When 
exposed to the atmosphere in the entries of the mines this gray shale 
weathers to a white clay, so that in the mines on this coal bed there 
appear to be two white chalk marks about midway of the wall at 
every point. Practically no doubt can therefore exist as to the 
correlation of this coal within that district. The bottom bench of 
1 foot is bony and is usually left in the mine. At the north edge of 
Sullivan County this coal becomes irregular, in places appearing to 
run out entirely, and north of that point neither drilling nor mining 
finds any trace of it in Indiana. It appears to maintain its thickness 
south of Sullivan County as far as Bicknell and for several miles 
farther south, though it becomes broken up toward the southwest. 
From that locality southward it disappears as a regular bed, in many 
places being entirely absent and in others appearing as a thin bed of 
1 or 2 feet. It reaches a workable thickness in a few localities and is 
commercially worked at two points in Gibson County. Apparently 
it approaches nearer and nearer to the overlying coal toward the south, 
until the two range from 20 feet to 6 inches apart, and in at least one , 
place the two coals have been mined together. It will be discussed 
further in connection with the occurrence of coal VII, in the southern 
part of the State. 

About 40 feet above the top of coal VI in Suthvan County comes 
coal VII, which is practically everywhere a solid coal from 3 to 6 feet 
in thickness, overlain by shale or sandstone. North of Sullivan 
County this bed is readily traced past Terre Haute and through the 
southwest comer of Vermilion County out of the State. West of 
Terre Haute and to the north it shows a thickness of 4 to 5 feet of 
good coal, overlain by 1 to 2 feet of bony coal. A few feet below 
this coal, in all of the northern part of the coal field, is a limestone 
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that is believed to be one of the persistent members of the coal meas- 
ures. South of Sullivan County this coal bed can be traced through 
Wheatland, in the hills west of Petersburg, and on to Ohio River, 
with a thickness of 4 feet or leas, becoming rather thin as Ohio River 
is approached. As stated above, the underlying coal VI is close 
beneath it from Gibson County southward, and in one place in western 
Warrick County they are worked together. In general the limestone 
below coal VII lies between the two coals, and in many places where 
the two coala are close together the limestone forms the only parting. 
This condition continues into western Kentucky, where coal VII is 
known as Kentucky 12 and coal VI as Kentucky 11. Coal V of 
Indiana corresponds to coal 9 of Kentucky. 

Above coal VII in Indiana, as a rule, only thin coals are found. 
In a few places these coals reach a thickness of 3 or 4 feet, but in nine 
out of ten drillings they show thicknesses of less than 2 feet, and com- 
monly less than 1 foot. Small coala occur between coal V and coal 
rV, and though in some places they reach a thickness of 3 feet, as a 
rule they are thin, and in the presence of much thicker coals above 
and below they will not be considered of workable character for a 
long time. 

Coal IV, the bed extensively worked around Linton, is from 100 
to 130 feet below coal V. It is commonly a solid coal, with a sandy 
shale or sandstone roof and a sandstone or sandy clay floor. It 
shows a tendency to split in many districts, the splitting being 
in places rather extensive, so that the benches are separated by 10 
to 15 feet or more. It can be traced northward to Seelyville, where 
it is the surface bed, ranging from 3 to 6 feet in thickness, and on to 
the horseshoe bend of Little Vermilion River, being of workable 
thickness nearly everywhere, except as it may be broken up by one 
or more large partings. It is « coal of excellent quality. To the 
south the thickness of this coal is somewhat leas, uaually not being 
more than 3i feet and toward the Ohio River averaging probably 
leas than 2^ feet. In that district it is nearly everywhere a solid 
coal, with either a shale or a sandstone roof. 

About 70 feet below coal IV in Greene County is coal III, a bed 
6 to 8 feet thick, almost invariably with one or more regular partings. 
It maintains this thickness northward through western Clay County 
and eastern Vigo County, being the large bed worked around Turner 
and Stanton and the principal bed at Seelyville, Fontanel, and Rose- 
dale. It tends to be a strong steam coal, but in many places has a 
high content of sulphur. In the Rosedale-Fontanet district the sul- 
phur occurs in the form of one or more regular partings and there- 
fore is more easily separated. North of Coxville this bed occurs in 
scattered patches for a distance of 6 or 8 miles, beyond which it is 
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absent altogether. South of Greene County no bed of this char- 
acter is found, and it is possible that the coal runs out entirely. In 
many places one or more thin coals are found about in the position 
of coal III, and it haa been assumed that they may possibly represent 
this coal. Few of these thin coals south of Greene County, however, 
are workable, though here and there they increase to 3 feet in thick- 
ness. The coal called the Rock Creek coal in the Ditney folio pos- 
sibly beloi^s at the horizon of coal III of Greene County. 

About 100 feet below coal III in northeastern Vigo County is a 
coal bed that is being worked around Fontanet, Minshall, and Mecca, 
and at other points. It has been called in the trade the Minshall 
coal, and this name has been retained for it, as it conies below the 
bed called coal II in the general colunmar section. It is a coal of 
variable thickness, lying in basins and ranging from 5 feet to a frac- 
tion of an inch. Overlying it in many places is black shale, which 
is not everywhere sheety, and above that a heavy limestone. A 
limestone underlain by a coal that is in some localities of workable 
thickness occurs at many points through the northern part of the 
Indiana coal field in Parke, Fountain, and Warren counties. It has 
been assumed to belong at the horizon of the Minshall coal. In the 
Brazil district of Clay County this bed has been called the Rider 
Block coal, as it lies only about 30 feet above the Upper Block coal. 

In the Brajiil district the two block coals lie about 30 feet apart. 
Each may have a thickness of about 5 feet in the center of the basins 
and thin down to a few inches on the hills between the various basins. 
The Upper Block coal has slightly the greater thickness. It is 
usually a solid coal, with a 2-inch band of brittle coal a little below 
the middle. It is also distinguished from the Lower Block coal by 
the fact that the vertical joints that characterize both the block 
coals are in the Upper Block coal more open at the top and are indistinct 
below this brittle "bench mining." The Lower Block coal is a solid 
coal except for a smooth parting 6 to 10 inches from the top. The 
coal above that parting is not of the block character. The joints 
are more open at the bottom and, as a rule, do not penetrate this 
upper bench of coal. In the center of the basins below the main 
bench there usually occurs clay, then 1 to 2 feet or more of bony 
coal, then, locally, up to 2 feet of good coal, with clay underneath. 
Toward the edges of the basins these underlying benches thin out 
one at a time, beginning at the bottom, and at the crest of the divide 
even the lower part of the main coal has thinned out, leaving possibly 
only the thin upper bench to pass over to the next basin. The two 
block coals can be traced northward into Fountain County, though 
the Lower Block appears to be absent in Warren County. The 
block coals extend southward with their characteristic features into 
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southern Clay County and central and eastern Greene County. 
South of that region their characteristics have not been rec<^nized, 
and correlations made with them are only suggeational in character. 
Through Daviess, Pike, Dubois, Warrick, Spencer, and Perry coun- 
ties a large number of coals are found, but no extensive dr illing 
and relatively little mining have been done, so that the correlation 
of these coals from point to point is very uncertain. Furthermore, 
the fact that they occur in basins, like the coals of corresponding 
position to the north, means that at many points where they appear 
they may be only a few inches thick and not recognized as the same 
coal that may be opened by a country bank a few hundred yards 
away. The fact that the coal on the divides between the basins 
ranges fn)m 20 to 50 feet higher than the coal in the center of the 
basin also confuses any attempt at correlation on the meager infor- 
mation at present in hand. In some areas it has been possible to 
make correlations for short distances. For example, a coal that is 
overlain by limestone and that lies about in the position of the Min- 
shall coal in the northern part of the State and was called the Holland 
coal in the Ditney folio has been recognized on Sugar Creek, in south- 
eastern Daviess County; over a considerable territory south of 
White River, north and south of Holland, in Dubois County; and 
around Buftaloville and Newtonville, in Spencer County. Although 
present knowledge of the coals of these southern counties does not 
aeem to hold out hope of a laige coal output, it is quite possible that 
the coals there, when better known, may show the presence of aa 
much coal in this part of the section aa is found in Clay or other 
more northern counties. In the southeastern part of the coal field 
is a coal that has been long extensively worked at Cannelton, from 
which it has been called the Cannelton coal. Like the other coals, 
it occurs in basins, rangii^ where present from 4 feet in thickness 
down. It has been recognized along Anderson River, as far north 
as St. Meinrad. It is possible that it is the same coal that locally 
shows a workable thickness around Shoals. 
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THE WASHBURN LIGNITE FIELD, NORTH DAKOTA. 



By Cabl D. Smith. 



INTRODUCTION. 



The Washburn field, a small part of a large area of hgnite-bearing 
rocks of Tertiary age which covers the western half of North Dakota, 
comprises parts of McLean, Ohver, Mercer, and Burleigh counties 




and hes a short distance to the southwest of the center of the State, 
40 miles up Missouri River from Bismarck. (See fig. 1.) The inves- 
tigation of this field was undertaken primarily to obtain information 
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regarding the character, depth, and horizontal distribution of lignite 
beds within reach of irrigable lands along Missouri River, which it is 
proposed to water by pumping, with lignite as fuel. 

That part of the field east of Missouri River is traversed by a 
branch of the Minneapolis, St. Paul and Sault Ste. Marie Railway. 
A projected branch of the Northern Pacific Railway, leaving the 
main line at Mandan, follows closely the west bank of the Missouri 
through the field. At certain seasons the river furnishes transporta- 
tion to and from the region. 

Acknowledgments are due to Mr, Jay W. Bliss for his able assist- 
ance in the field work, and to Mr. T. R. Atkinson, state engineer, 
for additional notes and data concerning lignite near Wilton. 

TOPOGRAPHY. 

The field is mainly a smooth, foiling prairie with bluffs and bad- 
lands here and there along the larger streams. The elevation of the 
water surface of the Missouri at ordinary stage at Washburn is 1,656 
feet above sea level. Away from the immediate valley of the Missouri 
the general elevation averages from 200 to 350 feet higher than the 

The presence of glacial material left by the retreat of the great ice 
sheet, which covered this part of the State in comparatively recent 
geologic time, has no doubt had a tempering effect on the topog- 
raphy. In other parts of the State, beyond the limit of glaciation, 
where conditions are otherwise similar to those around Washburn, 
badlands topography is common along the larger streams. Although 
the direct effects of glaciation are not now a]>parent, probably on^ 
account of the softness of the local formations and the consequent 
rapid weathering, indirect results appear in numerous intermittent 
lakes and abandoned stream channels. 

GEOLOGY. 
STRATIGRAPHY. 

All the stratified rocks describetl here belong to the Fort Union 
(early Eocene) formation. In the past these rocks have been gen- 
erally referred to the Laramie (Cretaceous), but later work in the 
region has proved that they are Tertiary. The formation consists of 
samis, clays, and sandy clays, in about equal proportion in alternat- 
ing layers, with beds of lignite scattered throughout. The clays and 
sandy cfays are usually dark gray or somber in color; the sands and 
sandstones vary in shade from light blue to buff. All of this material, 
except local sandstone lenses and irregular sandstone layers, is soft 
and weathers rapidly. 

Overlying the Fort Union formation is a mantle of glacial drift, 
var\-ing greatly in thickness and made up of a variety of materials 
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foreign to this general region. It is usually covered by soil, but in 
places erosion has tended to segregate the bowlders at the bases of 
steep slopes or has partly swept away the soil, thus leaving the 
bowlders on or near the surface. They vary in size from mere peb- 
bles to masses several feet in diameter and are used principally for 
building foundations. 

STRUCTURE. 

So small an area was covered by this investigation that httle can be 
said of its structure. Evidence now in hand, however, indicates that 
there is a slight dip of the forinations toward the east, ]>robabiy not 
more than 2 feet to the mile. This is inferred from the fact that a 
bed of lignite, which is low in the section on the west side of the field 
dips beneath the river toward the east. So far as mining is con- 
cerned the lignite beds and containing formations may be regarded as 
lying flat, 

THE LIONITE. 
GENERAL STATEMENT. 

By reference to the columnar section on the map accompanying 
this report (PI, I) it will be seen that workable beds of lignite occur 
at six horizons in the 315 feet of strata lying above river level. The 
exact relation of the beds mined at Wilton to those about Washburn 
is not known, but it is thought that they are slightly higher. No 
records of deep wells in this area have been obtained, hence it is 
impossible to say anything positive concerning lignite beds that 
may imderiie the field at greater depths than river level. It is 
probable, however, that many workable beds of lignite could be 
found to a depth of 1,500 feet. 

Heretofore the lignite beds of this general region have been de- 
scribed as lenticular and impossible of correlation for distances 
exceeding 2 or 3 miles. It is true that the hgnite varies considerably 
in thickness from point to point, but the term "lenticular" is mis- 
leading and considerable work in this general field has proved that 
some of the more important beds can be correlated or even traced 
in their outcrops for much greater distances than 2 or 3 miles. 

Many outcrops of lignite beds, covered by glacial material or talus, 
are marked by springs and seepages. Beds of lignite seem to be the 
best carriers of underground water. This is probably due to the 
variable character of the sands and clays which make up the section. 
Although a formation at a certain horizon may be in one place a 
porous sand well adapted to carrying water, its character may so 
change within a short distance horizontally that water can not find 
its way through. In this way the lignite beds, which are fairly 
homogeneous in texture and more persistent laterally than other 
formations, become the water-bearing beds. 
7470— Bull. 38lA— 09 2 
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The accompanying map (PI. I) shows the locations of the principal 
mines and prospects in the field, with a columnar section indicating 
the vertical distribution of the various beds of lignite. This section 
was compiled from widely separated exposures, and it is not to be 
assumed that fuel will be found at a given elevation in all parts of the 
area. 

It is quite probable that a number of lignite exposures and mines 
not represented on the map are to be found in the field. As few 
townships as possible have been used to show the general connections 
©f the different districts discussed and the positions of the railroads. 
Hence, if any mines in the field are not here discussed, the omission 
is due not to oversight but to lack of time in which to visit them. 

DETAILED DESCRIPTION OF LIGNITE EXPOSUBBS. 

A few representative detailed sections of lignite beds in the area 
covered by this report are given in the following pages. 

OLD COAL HARBOR DISTRICT. 

Joe Mann mine. — At the base of the bluff in the NW. i sec. 34, 
T. 147 N., R. 84 W., hgnite is being mined at present. The method 
used is a combination of stripping and drifting. 

Section at Joe Mann mine. 

Clay roof. Ft. fn. 

Lignite 2 10 

Clay 6 

L^nite 4 6 

Clay, sandy 1 2 

Lignite 2 5 

Total lignite 9 9 

Both up and down the river from this locahty the hgnite has 
feeen burned along its outcrop, producing a red clinker. A short 
distance north of the mine the hgnite is on fire at present. Its 
horizon lies from 15 to 30 feet above water level at ordinary stage. 
The fuel is mined for local neighborhood use and is dehvered by 
wagons. 

Eskes mine. — About 1 mile southwest of the Joe Mann mine, in 
the NE. i sec. 4, T. 146 N., R. 84 W., Eskes & Son are stripping a 
bed of lignite in the face of the bluff, 50 feet above the bed at the 
Joe Mann mine. 

Section at Etkes mine. 
Clay root. Ft. in. 

Lignite 2 7 

Clay and lignite 2 

Lignite 2 6 

Total lignite 5 1 
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The outcrop of this bed can be easily followed to the south for 
4 or 5 milea. At several places it has been stripped and is marked 
by a fringe of clinker, having been burned. The bed is extremely 
variable in thickness, its position in the section at other localities 
being occupied by bituminous clay or thin, valueless seams of lignite. 

Marion mine— In the SW. i sec. 26, T. 145 N., R. 84 W., an 
entry has been driven on the Joe Mann bed of lignite, which is easily 
traceable from the Joe Mann mine southward to the Marion mine 
by the chnker produced by burning along its outcrop. The section 
at the Marion mine shows 7 feet 9 inches of lignite, with clay roof 
and clay floor. 

About one-fourth mile south of the Marion mine another entry is 
being driven on the same bed, the thickness being about the same. 

A short distance south of these openings the outcrop of this bed 
of hgnite, as marked by the clinker, disappears below the lowland 
bordering the river, and was not seen again in the field. 

The writer did not visit the region west of the river opposite the 
points mentioned above, F. A. Wilder" gives the following meas- 
urements of beds seen along the bluff from Mannhaven to Stanton: 
Section near Mannharen. 

Lignite, good 6 

Clay 2 

Lignite 1 

Clay 1 

Lignite, good 2 

. Oiay 10 

Lignite, good 8 

Sand lo river level 10 

Totallignite 17 

Wilder states that this section may be seen for 2,000 feet along 
the river. 

Sectityn 3 or 4 miles south of Mannhaven. 

Ft, In. 

Lignite 3 

Clay 6 

Lignite 3 

Clay 2 

Lignite 3 

Total lignite 9 

This bed probably represents the upper part of the section at 
Mannhaven. 

According to Wilder a 7-foot bed outcrops near river level at the 
edge of the flat 2 miles above Stanton. This bed doubtless cor- 

" The lignite of Nortli Daiote and Its relation to Irrigation: Wnter.Supply Paper U. S. Ocol. ButT«y 
No. 117, 1905. 
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responds to the bed seen by the writer at the Marion mine, east of 
the river, opposite Stanton. 

WASHBUEN DISTKICT. 

Pfister cfc Cramer mine— At an elevation of 250 feet above river 
level, in the NE. \ sec. 36, T. 145 N., R. 83 W., Pfister & Cramer are 
mining a bed of lignite by stripping. The bed measures 6 feet thick, 
but the upper li feet is weathered and worthless. 

SatterluTid mine. — At an elevation of about 180 feet above the 
level of Missouri River occurs a bed of lignite, which is for conven- 
ience of reference called the Fairman bed. It is exposed at a num- 
ber of places about V.'ashbum. The Satterlund mine, in the NE. i 
SE. } sec. 1, T. 144 N., R. 83 V;'., is probably on this bed. 

Section at Sattfrlund mijix. 
Clay loot. Ft. in. 

LigniW 7 

Clay i 

Lignite 2 

Clay 3 

Lignite (thickneBH reported) 1 6 

Total lignite 10 6 

The cover above the lignite is here 25 to 40 feet thick. The mine 
is operated by a drift 400 feet in length, and its output amounts to 
30 or 40 tons a day. The product is consumed by residents of 
Washburn and vicinity. 

PMppen mine. — Northeast of the Satterlund mine, in sec. 35, T. 
145 N., R. 82 W., lignite is being taken out at present by stripping. 
The mine is known locally as the Phippen mine, and is probably in 
the same bed as the Satterlund. At the time this mine was visited 
only the lower part of the bed could be seen. A section of the part 
of the bed exposed shows 5 feet 4 inches, including two partings. 

Section at Phippen miTie. 

Debris roof (top of bed not Been). Ft, In. 

Lignite 8+ 

Clay 4 

Lignite 2 8 

Clay 5 

Lignite 1 3 

Total lignite 4 7+ 

Lignite is mined here to supply local demands, and is variously 
reported from 6 to 14 feet thick. A considerable area about the 
mine is underlain by this bed, but the cover is relatively Ught. 

On the point of the hill west of the wagon road, in sec. 8, T. 144 
N., R. 82 W"., an opening has been made at the horizon of the Fair- 
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man bed, 180 feet above river level, but the lignite was found to be 
replaced by several feet of carbonaceous clay, or "black jack.'" 

In the river bluff south of Conklin the stratigraphic position of 
the Fairman bed is occupied by two thin beds separated by a large 
parting. The hgnite is here burned along its outcrop for several 
miles and may be locally workable. Near old Coal Harbor the hori- 
zon of the Fairman bed is occupied by thin, worthless seams of 
lignite. 

Old Fairman mine. — Lignite at the old Fairman mine, in the NE. \ 
sec. 27, T. 143 N., R. 81 W., shows a thickness of 7 feet of apparently 
good coal, witli two thin partings. 

Section at Fairman mine. 

Clay root. Ft. in. 

Lignite 1 3 

Clay 6 

Lignite 1 6 

Clay 3 

Lignite 3 6 

Tof^ lignite 6 3 

Due south of the old Fau-man mine, in sec. 3, T. 142 N., R. 81 W., 
is a partial exposure of a bed of lignite at the same elevation, which 
is taken to be a continuation of the Fairman bed. Its thickness at 
this locahty could not be measured. 

Between the Fairman bed and Missouri River level, in the Washburn 
district, no lignite of any consequence has been observed. A bed 
75 feet above water level has been mined by Mr. Petersen at his 
house, in sec. 24, about 1 mile southeast of Washburn. The bed here 
varies in thickness from IJ to 2 feet and is underlain by 4 feet of 
"black jack" or bituminous shale. In a small draw which runs 
southward through sec. 8, T. 144 N., R. 82 W., a number of seepages 
indicate that one or two beds of lignite, probably thin, are to be found 
about 50 feet above river level. 

DISTRICT SOUTH AKD WEST OF M18SOUEI BIVER. 

Van Efp mine. — A bed of lignite that corresponds in elevation to 
the Fairman bed is mined by stripping in the SE. j sec. 10, T. 143 N., 
R. 82 W., 3 miles south of Hensler post-office. The bed is 6 feet 

4 inches thick, without partings. One mile northwest of this opening 
are two others, one in sec. 10, the other in sec. 9, both of which show 

5 feet of clean, hard lignite. These are doubtless on the same bed 
as the Van Epp mine. 

Old Cogan and other mines. — About 6 miles west of the above- 
mentioned locality, in the SE. \ sec. 8, T. 143 N., R. 83 W., a bed of 
lignite at the same horizon was formerly mined by stripping at the 
Cogan mine, but the workings have been abandoned and have caved 
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in. The bed measures 3 feet 10 inches and is very hard and free from 
partings. About 1 mile east of Cogan's mine, near the middle of 
see. 9, an opening on the same bed shows a thickness of 3 feet 9 
inches. Fuel is mined here for local use. 

In the SE. J sec. 2, T. 143 N., R. 83 W., a bed of lignite 100 feet 
above Missouri River is mined for local use. The bed is 4 feet 4 
inches thick, with a 2-inch parting 4 inches from the bottom. 

Along the gulch which runs northward through sees. 17, 8, and 5, a 
short distance west of Cogan's mine, lignite varying in thickness 
from a few inches to 3i feet outcrops in many places. 

Along an eastward-flowing stream in the northern part of sec. 7, 
T. 142 N., R. 81 W., lignite is being mined for local use from three 
small strip pits. In the easternmost of these pits the bed measures 
3 feet 6 inches, but is said to contain much "slack" or dirty hgnite. 
There are probably two beds here, the upper being mined farther 
west, up the draw. These beds are about 80 feet above river level, 
and are probably the same as the beds noted near the mouth of 
Mandan Lake Creek at the same elevation. 

In the NE. i sec. 4, T. 143 N., R. 83 W., about half a mile south- 
west of Mandan Lake, 50 feet above river level, a bed of lignite 2 feet 
thick was measured. About half a mile south of Mandan Lake, in 
sec. 3, a bed of lignite has been mined by stripping. It is about 100 
feet above river level. The whole thickness of the bed was not seen, 
but it is at least 2 feet 6 inches thick. 

WILTON DISTRICT. 

For information concerning mines in the ^\ ilton district the writer 
is indebted to Mr. T. R. Atkinson, state engineer of North Dakota. 
In 1907 the Washburn Lignite Coal Company's mine was visited by 
the writer, but its location and additional data as to the output and 
equipment have been furnished by Mr. Atkinson. 

The exact relation of the deposits mined about Wilton to those 
near Washburn is not known, but it is beheved that they are slightly 
higher in the geologic section. 

Washburn mine.- — The Washburn mine, in sec. 1, T. 142 N., R, 
80 W., is the lai^est and most thoroughly equipped mine in the State. 
Its output for 1907 and 1908 amounted to 109,992 tons. The lignite 
is reached by a shaft 60 feet deep, which represents the average 
thickness of the cover. The underground equipment is very com- 
plete and efficient and consists of electric undercutting machinery 
and electric motors for haulage. The lignite ranges from 8 to 13 feet 
in thickness, and has a variable parting I4 feet from the bottom. 
The entries are unusually wide, and timbering is necessary. As a 
rule, 6 or 8 feet of the bed is taken out first, leaving lignite for a roof, 
which is taken down when pillars are pulled. CtOO'-^'Ic 
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EcJcland mine. — In sec. 8, T. 142 N., R. 79 E., is a small opening 
known as the Eckland mine. The lignite is about 8 feet thick, and 
has about 45 feet of cover. The annual production is 800 tons, 

Lind mine.— In the NE. i sec. 6, T. 142 N., R. 79 E., at the Lind 
mine, the lignite, is 11 feet 10 inches thick, under a cover of 35 feet. 
The production is about 700 tons annually. 

Peterson mine. — In sec. 9, T. 142 N., R. 79 E., at the Peterson 
mine, the bed is 11 feet thick, under a cover of 40 feet. The annual 
production is about 2,000 tons. 

Yiengst mine. — At the Yiengst mine, in sec. 34, T. 142 N., R. 79 E^ 
the lignite ia 6 feet thick, under 60 feet of cover. The roof and floor 
are clay. The annual output is about 1,000 tons. 

CHARACTER AND USES OF THE LIGNITE. 

OENEBAL CHARACTER. 

The Ugnite of this field is dark brown in color and tough and 
woody in structure, but the woody structure is not so evident as ia 
lignite from other parts of the State. It slacks rapidly on exposure 
to air and sunlight, especially when much handled or subjected t» 
long hauls by rail. 

The impurities in the lignite consist mainly of sand and clay 
partings, which are difficult of separation in mining. Intimate 
mixtures of fine sand or clay and lignite, of irregular shape and 
extent, are rather common in the beds and are not easily detected 
without close examination, as they have the same color as the 
lignite. 

On weathering, the lignite, which is usually lusterless and massive, 
breaks into small, shiny cubical blocks, which appear black, but give 
a brown streak or powder. 

Because of the scarcity of timber in this general region lignite is 
almost the only fuel available for domestic purposes. The state 
institutions use native lignite exclusively, and to supply this demand, 
together with a growing demand from manufacturing plants, several 
well-equipped mines are in operation on main lines of transportation 
in various parts of the State. 

LIGNITE AND IRRIGATION. 

The impracticability of irrigating lowlands along the Missouri by 
gravity canals has led to the establishment of a pumping plant at 
Williston, N. Dak., and to the investigation of many other projects 
for raising water to the desired elevations with lignite as fuel. Two 
such projects in the Washburn field are now under consideration by 
the United States Reclamation Service. It is, of course, desirable 
that lignite be found within easy reach of the proposed location of 
pumping stations, but this can not always be done, notwithstanding 
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the general distribution of the fuel. However, there are relatlvely 
few irrigable flats along the Missouri between Bismarck and the North 
Dakota-Montana line where lignite can not be found in minable 
thickness either at hand or within a few miles. 

CHEMICAL ANALYSES AND STEAMING AND PBODUCEB-QAS TESTS. 

The following analyses and tests " were made at the Geological 
Survey's fuel-testing plant in St. Louis: 

Brown l^ite from Wilton mine, Waahbum Lignite Coal Company, I mile e&&t 
of Wilton, McLean County, N. Dak., on the. Minneapolis, St. Paul and Sault Ste. 
Marie Railway. 

This aample was made up of lump lignite and waa shipped under the supervision 
of M. R. Campbell, ot the United States Geological Survey. It waa used in making 
steaming test No. 206 and producer-gas teat No. 67. 

Minesamplee Nob. 19^ and 1!I38 were taken at widely aepatated puiDtaia the mine 
. for chemical analysis. 

Analy/n o/iampUi at received. 

Mine samples. 

Laboratory ' Laboratory ' ^J°SS^ 
No. 1935. No. 193g. ''"■ *^"*- 

Alrdrying loss 32.30 , 33.50 ! 12.70 

.fUottuTB 10.63 «.g8 3S.96 

gl Volatile matter 1 27.05 , 28.11 31.92 

2j Fliod osrbon 27.37 2fl.7S ' 24.37 
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Test 206, North Dakota No. 3. — Size as shipped, lump. Size as used, average diam- 
eter 3 inchea, 76.5 per cent; J inch to 1 inch, 10.6 per cent; { inch to i inch, 4.9 per 
cent; under J inch, 8 per cent. Duration of teat, 5.72 houra. Kind of grate, rocking. 



Heating value of coal B. t. u. per pound dry coel..i 

Under slack damper InCb water..' 

Fomace tempeiHture *^--! 

Dry coal used per square bwt ol grate surlece per hour pounds. . 

Equivalent water evaporated per square foot of water-heatlag surface per hour do 

Percentage ol rated hOTsepower o( boiler developed i 

Water appaiently evaporated per pound otcoa] aaOred pounds.., 

Water evaporated from and at ^12' F.: 

Per pound of co^ as fired. do 

Per pound oI dry coal do — 

Per pound of lombusllble do 

Efficiency ol boiler, Including grate percsnt.. 

Coal as fired: 

Per Indleated horaepowH hour r pounds. . 

Per electrical horsepower hour.................................... do 



1 BuU. U. B. Qeol. Survey No. 290, 19INi, p] 
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Tut 67, North Dakota No. 3.— Size as shipped, lump. Size &e used, over X inch, 
86 per cent; J inch to 1 inch, 6 pet cent; i inch to i inch, 3 per cent; under i inch, 
B per cent. Duration of test 50 hourH. 

Averse electrical horeepower ^ 195. 5 

Average B. t. u. gaa per cubic foot 158.9 

ToUl coal fired, pounds 30,250 
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Briquetting tests of North Dakota lignite have been made by the 
United States Geological Survey fuel-testing plant and by individuals. 
No binder is used, but the product is firm and gives excellent results 
except when' subjected to forced draft, which has the effect of disin- 
tegrating the briquets and carrying the unburned particles out through 
the smokestack. 

Another consideration that adda materially to the value of the 
brown lignite ia ita surprising success in the producer-gas plant. 
The following statement has been made concerning the value of 
North Dakota lignite in the gas producer and gas engine:" 

The result of the eteam teet was bo unsatiBfactary that there is nothing hy which a 
direct comparison can be made of the efSciency of the fuel used in the producer-gas 
plant as compared with the efficiency developed in the steam plant. Nevertheless 
a comparison of the results obtained on other coals under the steam boiler is instruc- 
tive. The fable shows that to produce one electrical horsepower hour in the producer- 
gas plant required 2,29 pounds of dry North Dakota lignite, whereas to produce the 
same result in the steam plant required 3.39 pounds of the beet West Vi^inia coal. 
This means that North Dakota lignite, with the moisture eliminated, will do more 
work when used in a producer-gas plant than the beet coal of the country will do in 
a steam plant. 

"Prol. PaperU. 8. a«ol.8arveyNo. 48,pt. 1, I908,p. 111. 
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THE FOET BERTHOLD INDIAN RESERVATIOS LIGNITE 
FIELD, NORTH DAKOTA. 



By Carl D. Smith. 



INTRODUCTION. 

The Fort Berthold Indian Reservation, in North Dakota, about 
1,500 square miles in area, is divided approximately in half by Mis- 
souri River and lies about midway between Bismarck and the point 
where the Missouri enters the State. In this paper only the part of 
the reseiv^ation north of the river is considered, and as the area lies 
wholly within the large region of lignite-bearing rocks which covers 
the western half of North Dakota, it has no natural boundaries. 
(See fig. 1.) 

Heretofore this region has been remote from any railway, but 
recently a branch of the Minneapolis, St. Paul and Sault Ste! Marie 
Railway has been extended northwestward from Washburn, crossing 
the extreme northeast corner of the reservation. The Missouri 
River Railway, a proposed branch of the Northern Pacific, leaving 
the main line at Mandan, will follow closely the south bank of the 
Missouri, if built as surveyed. At certain seasons of the year Mis- 
souri River furnishes transportation to and from the field. 

The writer was efficiently assisted in the field work on which this 
paper ia based by J. A. Davis, E. B. Hopkins, E, L, De Golyer, and 
Jay W. Bliss. -Mr. De Golyer also assisted in the office work. 

TOPOGRAPHY. 

The region is essentially a smooth plain into which the Missouri 
has cut a valley varying in width from 1 to 2 miles and in depth from 
100 to 500 feet. At many points along the river the change from the 
smoqth uplands to the river valley is abrupt and is marked by a 
narrow strip of bluffs and badlands. At other points, especially 
where the larger streams enter the river, the gradation is gradual. 



t, Google 



PORT BBBTHOLD LIGNITB PIBIjD, NOETH DAKOTA, 27 

The field considered here lies within the area once covered by the 
great continental glacier, whose effect on the topography is every- 
where noticeable. In other parts of this general r^ion, beyond the 
limit of glaciation, where the surface is not protected by the mantle 
of drift left by the retreating ice sheet, the territory bordering larger 
streams is in general minutely dissected into a badland belt several 
miles in width. In the glaciated area the mantle of drift has so 
tempered erosional action that badlands appear only where degrada- 
tion has been extremely rapid. 

Intermittent lakes occupying depressions that were probably 
former stream valleys are also features of the region due to glacial 
action. The valley of Missouri River between the mouth of Little 
Knife Creek, at the north boundary of the reservation, and the 
mouth of Shell Creek is comparatively narrow, indicating that it is 
probably new. It is probable that the river formerly occupied a 
depression which now lies in a straight line between the mouths of 
Little Knife and Shell creeks. Another depression southwest of this 
one, but joining it at the mouth of Shell Creek, may represent a 
second abandoned valley of the Missouri before it reached its present 
position. 

GEOLOGY. 

STRATIGRAPHY. 

All the stratified rocks in the reservation are of Fort Union (early 
Eocene) age. Heretofore they have been classed as "Ijaramie and 
Fort Union" without differentiation, but recent investigations in 
this general region have proved conclusively that they are Tertiary 
and they probably correspond to the upper part of the so-called 
"yellow beds" in the Sentinel Butte field of North Dakota, the 
Miles City field of Montana, and the Sheridan field of Wyoming. In 
this region the beds present a rather monotonous sequence of somber- 
colored clays and sandy clays interstratified with buff sands and 
sandstones and beds of lignite. The clays and sandy clays predomi- 
nate, thus lending to the whole aeries a soml)er hue. The sandstones 
are usually fine grained and soft, but at many places they contain 
irregular concretion-like masses of hard sandstone of the same color 
and texture as the matrix. 

The greater part of the field is overlain by a mantle of glacial drift 
of Wisconsin age. This material is of variable tiiickness and con- 
tains a variety of rocks foreign to the region. 
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The following detailed section, made at the big bend of Missouri 
River 10 miles above the mouth of Shell Creek, gives some idea of 
the character of the Fort Union formation : 

Section at big bend o/ MUaouri River. 

Debris '. 5 

Sand, cream colored 20 

Lignite 1 8 

Clay 1 3 

Lignite 1 8 

Clay 5 5 

Lignite 3 9 

Clay, somber, sandy, contains irregular maeeee of hard eand- 

atone, aome thin l^;nite eeame, and carbonaceous layere 160 

Lignite 4 6 

Clay, aomber, somewhat sandy 16 

Clay, carbonaceous, with lenses of lignite 2 

Clay, Bomber, sandy 5 

Clay, yellowish, wilh sandstone lenses 8 

Clay, carbonaceouB 1 

Sand, clayey 23 

Clay, somber, sandy 5 6 

Clay, gray 17 

Clay, carbonaceous 4 

Lignite 6 

Clay, carbonaceous 1 6 

Lignite 2 10 

Clay, gray 2 

Clay 5 

Clay, yellowish, sandy 6 

Lignite 1 

Clay, yellowish 14 

Sand, yellowish, clayey, some carbonaceous clay 5 6 

Lignite 7 2 

Clay, greenish gray with carbonaceous streaks 17 

Sand, somber, clayey, contains ferruginous layers 17 

Clay, greenish gray 10 

Clay, somber, sandy 7 

Clay, greenish, white sand at top 6 

Sand and clay, somber 18 

Lignite 9 

Clay, carbonaceous 1 

Lignite 1 1 

Clay, carbonaceous 2 6 

Clay, bluish % 4 

Lignite 1 6 

Clay, bluish 15 

Clay, carbonaceous 1 

Clay, sandy, aomber 10 

Clay, carbonaceous 4 

Clay, sandy, somber, contains bard sand in places 55 

Lignite 1 
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Section at big lend of UUeouri River — Continued. 

Ft, In, 

Clay, carbonaceous 6 

Clay, sandy, somber, upper 6 feet contains thin seamH of lig- 
nite 18 

Lignite 1 6 

Clay 3 

Sand, somber 12 

Clay, somber, sandy, contains thin lignite seams ' 35 

Lignite 1 6 

Sand, clayey 25 

Clay, somber, with thin seams of lignite 40 

Lignite .■ 5 

Clay 5 

Lignite , 7 

Clay and sand, reddish brown at base 100 

Lignite 14+ 

Wftter level in river. "—7 7T~ 

The members of this formation are extremely variable horizon- 
tally as well a8 vertically. No particular sandstone or clay bed can 
be selected as a key rock for purposes of correlation from one part 
of the field to another. Lignite beds, on account of their greater 
persistence laterally than the containing rocks, furnish the only 
means of correlation, and they are uncertain where lai^e areas 
between outcrops are concealed. 

STRnCTDRE. 

The strata of the reservation he almost horizontal. At some 
places, however, evidence of a slight eastward dip is unmistakable. 
This was discovered by tracing some of the more persistent lignite 
beds whose outcrops as followed downstream either approach or dip 
below river level. The dip is not constant in degree. There are 
broad areas where the strata he horizontal, the whole thus consti- 
tuting a series of gentle undulations. The amount of the dip at any 
point is very little more than the fall of the river, and so far as min- 
ing operations on a small scale are concerned it may be disregarded. 

THE LIGNITE. 

GENERAL DESCRIPTION. 

Lignite beds occur at intervals throughoiit the rock section exposed. 
They are variable in thickness and horizontal extent, but as some 
of the important beds have been traced continuously for 12 miles 
by their outcrops they can not justly be described as lenticular. The 
covering of glacial drift has prevented the tracing or correlation of 
beds from one part of the field to another. No direct evidence has 
been obtained as to the thickness of lignite-bearing strata that may 
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underlie the field at a greater depth than river level, but obaerva- 
tions made in this same g^ierai region lead to the behef that work- 
able beds of lignite can be found to a depth of 1 ,000 feet or more. 

On account of the smooth character of the country no exposures 
of lignite were noted in the uplands away from the breaks of the 
river, but it is probable that lignite beds occur there and could be 
found by prospecting. 

As lignite is more or less porous and jointed it is a much better 
medium for the travel of underground water than the fine-grained 
variable claya and sands which make up the rest of the section. It 
happens, therefore, that at many places springs and seepages mark 
the outcrops of hgnite beds that are covered by d4bris. 

Wherever exposed in the badlands the thicker beds have been 
burned along their outcrops, producing a red chnker which consists 
of baked and partly fused sands and clays. The material immedi- 
ately underlying a burned-out bed is only slightly affected, while the 
material overlying it may be metamorphosed for a thickness of 20 
or 30 feet, depending on the thickness and purity of the bed burned. 
It is evident, then, that in prospecting for a bed of lignite where its 
outcrop is fringed by clinker, the base of the clinker, which is usually 
well marked, will be found on a level with the unbumed body of hg- 
nite. The distance back from the outcrop of a bed to which burning 
may take place depends on the thickness of the cover, but in this 
connection it is difficult to give exact figures. To an observer it is 
at many places an obvious matter. The persistence of clinker along 
an outcrop serves to some extent as an index to the character of 
the bed burned, as thick, pure beds are more apt to bum than thin, 
impure ones. 

The outerops of the important beds in this field have been traced 
and are shown on the map (PI, II). The outline of the whole reser- 
vation is shown, but little is known of the region south of the river 
except that its topography is considerably rougher than on the north 
side. 

DISTRIBnTIOK OF THE LIGHITE. 

The lignite beds will here be described by districts, beginning at 
the north boundary of the reservation and following in order down 
the Missouri to the east boundary. 

BIG BEND DISTRICT. 

After entering the reservation the Missouri makes a U-shaped bend 
which terminates near the mouth of Shell Creek. This bend is bor- 
dered by high bluffs in which a number of lignite beds ranging in 
thickness from a few inches to more than 14 feet have been observed. 
Only four of these beds are of sufficient thickness for mining. 
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Bedl. — The lowest bed, more than 14 feet thick, is exposed in 
the west bank of Missouri Eiver, opposite and a short distance 
below Wiedeman's ranch. Water in the river at ordinary stage con- 
ceals the base of the bed and at flood time covers it completely. 
The exposure of the bed is due to an eastward-pitching antichne of 
local extent, and it disappears below river level both up and down 
stream within a few hundred feet of the point where it was measured. 
The portion of the bed seen is free from partings and appears to be 
of excellent quality. 

Bed 2. — The next bed of consequence exposed in the big-bend dis- 
trict hes about 100 feet stratigraphically above bed 1. Its outcrop 
has been traced from a point 1 mile below the mouth of Little Knife 
Creek, at the north boundary of the reservation, to a point 2^ miles 
south of Wiedeman's ranch, and is shown on the map (PI. II). 
North of Wiedeman's the bed is in one bench, 4 to 5i feet thick, and 
lies from water level to 30 feet above. Its outcrop is in the base of 
the bluff which forms the east bank of the river and is therefore 
everyTphere near the river. For this reason the bed is almost inac- 
cessible to any means of transportation except by water. Local 
landslides caused by the undermining action of the river against its 
bank have broken great masses of lignite from the bed, and these, 
after being washed clean of sand and clay, lie exposed on the bank. 
Steamboats plying the river frequently stop here for the fuel which 
can be so easily obtained. 

South of Wiedeman's ranch the outcrop of bed 2, which is there 
made up of two benches, has been traced for about 2 miles. The 
effect of the local anticline mentioned in connection with bed 1 is 
felt by bed 2, which for a mile or so rises to an elevation of 50 feet 
above the river. 

Section of bed 2 about t mileg south of Wiedeman'e ranch. 

Clay toof. Ft. In. 

L^nite 4 Q 

Clay, sandy 4 9 

Lignite 3 5 

Clay 3 

Lignite 3 5 

Concealed to river level. 

Total lignite 11 4 

Near the point where the river turns from a southward to an east- 
ward course bed 2 disappears beneath the hill wash that borders the 
bottom lands along the river, and was not seen again in the field. 
Except for a few thin partings bed 2 is comparatively clean, and its 
quality seems to be good. 
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Beds 3 and 4- — In the badlands bordering the river between 
Wiedemau's ranch and the mouth of Shell Creek beds 3 and 4 are 
exposed and their thicknesaea are sufficient to deserve some notice. 
These beds are 300 and 375 feet, respectively, above river level. 
They vary considerably but have not been observed to exceed 4 feet 
6 inches in thickness. Immediately south of Wiedeman's they are 
thin and worthless. They appear to reach their greatest thickness 
a few miles west of the west hue of T. 150 N., R. 92 W. These upper 
beds are well exposed on the south side of the high bluff, but glacial 
drift so conceals their northern outcrops that their positions are 
indefinite. It will be seen from the map (PI. II), where their out- 
crops are shown, that these two beds are outUers, cut off from the 
region to the north by the low depression which lies between Wiede- 
man's ranch and Shell Creek. 

North of Wiedeman's ranch a part of the outcrop of bed 3 has 
been traced and is shown on Plate II. The bed has not been observed 
to exceed 4 feet in thickness and lies near the top of the bluff 300 
feet above river level. 

South of a small stream which flows westward into the Missouri, 
about 1 mile south of the north boundary of the reservation, lignite 
is exposed in several places, and is 2J to 31 feet thick. 

LOQUEMONT CEEEK DISTRICT. 

About 4 miles north of the mouth of Loquemont Creek the Mis- 
souri swings against its east bank, forming a bluff in which several 
beds of lignite are exposed. A section of the bluff follows: 

Srdion 4 mike north of mouth of Loquemont Creek. 

Debris. Ft. In. 

Clay, carbonac(«us 4 

Sajid, clayey 65 

Clay, carbonaceous 4 

Lignite 5 11 

Sand aud clay with aome thin lignite seame 100 

Lignite 1 6 

Clay 5 8 

Lignite (poor) 3 3 

Clay 5 

Lignite 2 10 

Concealed lo river level 50 

247 2 

The lower beds of the foregoing section are exposed at several 
places near the wagon road which runs between the bluff and the 
river. The upper bed appears well up in the bluff, or 170 feet above 
river level. Its outcrop, shown on Plate II, has been traced for 6 or 
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B miles, and ia places it has been burned. It is 5 to 6 feet thick 
and seems to be of good quahty. Near the mouth of Loquemont 
Creek it is so concealed that no measurements could be made. The 
position of the bed makes it easily accessible for mining purposes, 
and is such that it must underlie a large territory to the east, if it is 
continuous in that direction. 

ELBOWOODS DISTRICT. 

Between Elbowoods and the mouth of Sixmile Creek the north 
bank of Missouri River is bordered by a strip of badlands from 1 to 2 
miles wide, in which several beds of hgnite are exposed. They are 
nearly everywhere fringed by chnker produced by combustion along 
their outcrops. Two of them have been mapped, and for convenience 
of reference are designated as beds 1 and 2. 

Section 5 miUe etuL of Elbouvoda. 

Ft. in. 

Sand, BOmbcr, clayey 50 

LigDtte ; 3 

Clay, sandy 8 

Lignite 4 

Clay, somber 34 

Lignite (bed 2) 6 6 

Clay, somber 20 

Lignite 1 

Clay, somber 9 

Lignite 2 

Sand and clay, some carbonaceous layers 35 

Sand with irregular hard lenses 45 

Lignite (bed 1) 7 

Clay, somber, sandy 22 

Lignite 1 9 

Clay, gray 1 4 

Lignite ■. 2 7 

Clay, somber, sandy 14 5 

Concealed to river level, about 60 

326 7 
Bed 1 . — At a point about 4 miles east of Elbowoods, where 
Missouri River swings to the north against the badland bluffs, bed 
1, the lowest considered in the section, is about 70 feet above water 
level, or 50 feet above the flood plain of the river. To the south- 
east it outcrops in the base of the bluff everywhere near the edge 
of the river flat, and dips gradually eastward to the western part of 
T. 147 N., R S8 W., where it disappears below the alluvium. The 
bed is nearly everywhere fringed by clinker and for that reason is 
easily traceable. Near Elhowoo<Is bed 1 is badly split up bj- part- 
■ 7470— Bull. 38lA— 09^3 . 
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ings, but they appear to <lie out to the southeast. Some sections 
of the bed follow: 

Stction of bed 1 in S. iiee.Sl. T. 148 X.,R.S9 W. 

Ft. [D. 

L^ile 9 

Parting 9 

Lignite 1 

Parting 6 

Lignite 2 6 

Tolal lignite 4 3 

Sfction o/bfd I in Affi. i gee. 6, T. 147 N., K. 89 W. 

Tt. In. 

Lignite 2 6 

Parting 4 

Lignite 2 

Parting 2 

Lignite 2 

Total lignite 6 6 

In the N. i sec. 24, T. 147 X., R. 80 W., bed 1 is about 7 feet 
thick aud free from partings. 

Bed B. — About 125 feet above bed 1, or 200 feet above river level, 
is another bed which has been traced from a point near Elbowoods 
eastward to the boundary of the reservation. It lias been burned 
almost continuously along its outcrop, and its thickness was meas- 
ured in only two places, where it was 4 feet and 6 feet 6 inches 
thick. To judge by the thickness and persistence of clinker produced 
by its burning, it is probably a workable bed throughout the dis- 
tance traced. 

Between Missouri Eiver and Sixmile Creek bed 2 lies in a narrow 
strip with disconnected outliers. From Sixmile Creek eastward to 
the boimdarv of the reservation bed 2 is about 126 feet above river 
level and outcrops at the north edge of the lowland bench, 2 to 4 
miles from the Missouri. 

In the hills north of Elbowoods no lignite is exposed, but springs 
and seepages, probably indicating the outcrops of beds, are abundant, 
©specially near the north edge of the lowlands on which the town 
of Elbowoods is situated. 

In the ea.stern part of T. 148 N., R. 91 W., northwest of Elbowoods, 
several thin be<ls of lignite are exposed, but none of them has been 
observed to exceed Z feet 8 inches in thickness. 

CHARACTER AND USES OF THE LIGNITE. 

The lignite on the reservation does not differ in cha^a(^ter and 
composition from that in other parts of the same general region. 
It is (lark brown in color, tough, and woody in structure. The 
greatest disadvantage encountered in dealing with a lignite is its 
tendency to slack or break down into small fragments on exposure 
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to the atmosphere. Attempts have been made to ovei"come this 
difficulty by briquetting the fuel, but the scheme has not yet come 
into practical use. When, however, the lignite is not handleii much 
and is kept under shelter away from the action of sunlight and rain 
it has been known to hold together in good condition through the 
winter months. 

The impurities in the lignite consist mainly of sand and clay 
partings which are difficult of separation in mining. Intimate 
mixtures of fine sand or clay and lignite, of irregular shape and ex- 
tent, are rather common in the beds, ami are not easily detected with- 
out close examination, as they have the same color as the lignite. 

On weathering the lignite, which is usually lusterless and massive, 
breaks into small, shiny cubical blocks which appear black but give 
a brown streak or powder. 

In the absence of timber lignite is used generally over the region 
for domestic purposes and is coming into favor as a fuel for various 
manufacUiring industries throughout the State. As most of the 
inhabitants of the Fort Berthold Reservation live near Missouri 
River, where timber is plentiful, very little lignite is mined, and 
that only where conditions are extremely favorable — for example, 
in places where it can be taken from open pits and it is necessary 
to remove very little cover to reach the fuel. Timber suitable for 
mining purposes can be obtained only in the valley of Missouri 
River. 

FUTURE DEVELOPMENT. 

Owing to the wide distribution of lignite in this general region it 
is not likely that any part of the area wiU develop far in advance of 
any other part. Some small advantage would arise, of course, 
should a certain field have extremely favorable conditions as to 
transportation and thickness and purity of fuel. It seems probable, 
however, that the lignite will have only a local use for many years 
to come. 

Probably the greatest future use of the lignite will be to generate 
power for pumping plants to irrigate lands along the larger streams 
in the State. A number of such projects on Missouri River are 
now under consideration by the United States Reclamation Service 
and by the State. One such plant has already been established at 
Williston. Should these numerous projects be completed great 
quantities of lignite would be necessary not only for their use, but 
also to supply settlers attracted by irrigated lands with fuel for 
domestic purposes, and to supply industries that would probably 
spring up with an influx of immigration. 

North Dakota brown lignite has been tested with great success in the 
producer-gas plant, as shown by the statement quoted on pages 24^26. 
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INTRODUCTION. 

Tlie Fort Peck Indian Reservation li^ite field lies in the northeast 
corner of Montana, partly in Valley County and partly in Dawson 
County. (See fig, 1.) Missouri River flows eastward through the 
field and forms the south boundary of the reservation. The Great 
Northern Railway follows the valley of the Missouri across the 
field. At certain seasons of the year the river is navigable, but it 
is rarely used as a means of transportation. 

The investigation on which tliis paper is based was made in 1908, 
In the surveyed parts of the field locations were obtained by means 
of horseback traverses, with frequent ties to established land comers. 
Where the land has not been surveyed, the main control lines were run 
by plane-table and buggy-wheel traverses, which were tied to estab- 
lished corners wherever possible and were supplemented bj- horseback 
traverses. At the time geologic examinations of the field were being 
made topographic surveys were in progress on a part of the reserva- 
tion, but these were not available in the field. 

This paper is intended to be entirely of an economic nature, hence 
little attention is given to matters that do not immediately concern 
the lignite. As a result of the work of 1908 the mapped area of 
formations barren of lignite has been extended eastward along 
Missouri River for a distance of 60 miles. 

The writer is deeply indebted to Messrs. J. A. Davis, E. B. Hopkins, 
and E. L. De Golyer, whose interest and able assistance in the field 
work have contributed greatly to whatever value this report may 
have. Mr. Dc Golyer also rendered able assistance in the office. 

TOPOGRAPHY. 

The valley of Missouri River divides the field into two distinct 
topographic provinces. North of the river for a distance of 15 to 
20 miles the slopes are as a rule gentle and, with a few exceptions, 
the valleys are broad with gently sloping sides. Farther north the 
relief becomes bolder and the large streams are in places bordered 
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by abrupt escarpments and hills ranging in elevation from 200 to 500 
feet. The interstreani areas are usually broad and flat. 

In the north-central part of the reservation, south of Poplar River 
and Cottonwood Creek, is a gravel-covered terrace about 300 feet 
above stream level, which slopes gently to the southeast. A remnant 
of a similar terrace appears in the highlands north of Cottonwood 
Creek. 

South of Missouri River bluffs and hills rise abruptly from the 
edge of the flood plain to an elevation of several hundred feet. Near 
the river the topography is rough and in places the country is dis- 
sected into badlands, but farther to the south the badlands blend 
with rolling prairies of low relief. 

The entire field considered here lies within the area once covered 
by the great continental ice sheet, whose effects on the topography 
are everywhere evident. Preglacial streams have been caused to 
abandon their channels, which now appear either as broad depressions 
containing internuttent lakes or as broad valleys occupied by streams 
of insignificant size. The movement of the glacier over the region 
has no doubt had a tendency to smooth away preexisting inequalities 
of the surface, and the retreating ice sheet has left a mantle of drift 
which has protected imderlying formations from the erosion into 
badland forms common in regions not so protecte<l. South of Mis- 
souri River evidences of glaciation are not so marked as they are 
north of the river. 

GEOLOGY. 

STRATIGRAPHY. 

The following table gives a summary of the formations occurring 
in this field : 

Stratigmphy of Ihe Fori Peck Indian Reservation lignite field, Montana. 



system. 


Fotmetion, 


i^- 


Da9cription. 




(:::::::::::::::::::::::: 


.J.~. 


AUuvlum 








Fort Union formation.. 










Cretaoe™a(?) 


Fox mils (?) sandstone. 
PleiTG shale 


1 


merons parbonaccous layors and a (ow lig- 

viitti some gray clay. 
Daik-BTBy shale, in places hrowti. Ver>- soft 





PIERRE SHALE. 



The basal member of the rock section occurring in the Fort Peck 
field is a dark-gray shale, in places brown, which is as a whole very 
soft and friable, but contains at irregular intervals thin layers of 
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limy material. Near the top of the formation appear many bowlder- 
like limy concretions, 1 to 2 feet in diameter, some of which are made 
up almoHt wholly of fossil shells. Others contain no fossils and 
many are intersected by a network of calcifo veins which are usually 
of a lighter color than the matrix. 

According to T. W. iStanton fossils collected from this formation 
are very distinctive. . "In fact, they are characteristic of a horizon 
in the upper Pierre corresponding to the shale above the Judith 
River formation which farther west in Montana has been called the 
Bearpaw shale." 

As indicated on the accompanying map (PI. Ill) the Pierre shale 
covers the greater part of the west end of the field and extends 
eastward in an area of varying width along Missouri River nearly 
to the town of Brockton, on the Great Northern Railway. The 
base of the shale does not appear in the Fort Peck field, but there 
is reason to believe that it is more than 1,000 feet thick, as at least 
that thickness occurs in this field. The Pierre shale is barren of 
coal, and so far as known carries no other economic product, with the 
possible exception of clay for brickniaking. As the shale contains 
no ledge-making material bluffs are rare in the area which it underlies 
as the surface rock. Streams whose courses lie in the shale are 
usually more alkaline than those elsewhere. 

POX HILLS (?) SANnSTONE. 

Conformably overlying the Pierre shale is a series about 200 fe«t 
thick consisting of buff sandstones interstratified with some gray 
clay. As a rule the sanclstone is soft, but in places it appears as hard 
concretion-like masses which stand out as ledges in the process of 
weathering or as masses of cannon-ball shape embedded in a matrix 
of softer rock. The material shows great irregularity of bedding, 
is extremely variable in character horizontally, and is in places 
cross-bedded and conglomeratic. 

The age of these beds is doubtful. They occupy a position in the 
section which to the south and southeast is occupied by the Fox 
Hills sandstone, but no fossils could be found in the beds; hence 
further work in the region will be necessary to determine their age. 
For the present they are called Fox Hills (?) sandstone. Like the 
Pierre shale these buff beds are barren of coal. Excellent exposures 
of this formation can be seen in the part of the field south of Missouri 
River, especially in the high river bluff south of Brockton. North of 
the river glacial drift so conceals the formation that good exposures 
can be seen at only a few places. These are near the head of Cotton- 
wood Creek in the northern part of the reservation, and on Wolf 
Creek near the town of Wolf Point. 
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About 200 feet of somber-colored sands and clays, with r 
carbonaceous layers and a few beds of impure lignite, overlie the Fox 
Hills (?) sandstone and are also of doubtful age. They are regarded 
by F. H. Knowlton as having very strong Fort Union (early Eocene) 
affinities, but they may prove to be Laramie. In the field covered by 
this report there is no apparent unconformity between the Fox Hills 
(?) sandstone and the aomber-colored beds. Although the upper 
part of the somber-colored beds differs from the lower part of the 
Fox Hills (?) sandstone in character of constituent materials the two 
formations so grade into each other that their contact is very indefi- 
nite. At some places the somber-colored beds contain irregular 
masses of hard sandstone and thin beds of impure limestone. In 
weathering this hard material stands out as ledges or serves as pro- 
tecting caps for pedestals of softer sands or clays. Excellent expo- 
sures of the somber-colored beds can be seen in the badlands south of 
Missouri River, on Cottonwood Creek, and Poplar River in the Fort 
Peck Indian Reservation. Because of the uncertainty of the posi- 
tion of the contact of the Fox Hills (?) sandstone and the somber- 
colored beds north of Missouri River they have been grouped together 
in mapping. 

PORT UNION FORMATION. 

The uppermost formation in the Fort Peck region is made up of 
yellowish sands and sandstones interbedded with gray clays and lig- 
nite, the sands and sandstones predominating. One thousand feet 
or more of this formation, which appears to represent more stable 
conditions of deposition than the Fox Hills (?) sandstone and the 
somber-colored beds below, is exposed in the field. As a whole this 
formation has a yellowish hue. According to F. H. Knowlton the 
beds are Fort Union in age. Their contact with the somber-colored 
beds below is usually well marked by an abrupt change in color and 
character of material. Lignite occurs abundantly in these yellow 
beds, and is much more constant in quality and horizontal distribu- 
tion than the lignite of the somber-colored beds. Excellent expo- 
sures of the yellow Fort Union formation can be seen east of Brockton 
both north and south of the river, in the northeastern part of the 
reservation, and in the escarpments bordering the valley of Poplar 
River. 

GLACIAL DRIFT. 

Overlying the greater part of the field is a mantle of glacial mate- 
rial of varying thickness, made up principally of igneous bowlders and 
clay, but containing some fossiliferous limestones. These bowlders 
vary in size from mere pebbles to masses weighing probably 20 tons. 
It is probable that this drift formerly covered the entire region like a 
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huge blanket, but stream action and weathering agencies suhsequent 
to the retreat of the continental ice sheet have cut deep channels 
through the drift and into underlying formations. It may be readily 
seen that isolated exposures of the underlj-ing rock not concealed by 
glacial drift are rather difficult of correlation, and this difficulty is 
augmented by the variability of the lignite-bearing formations. 

STRUCTDRE. 

As originally deposited the strata which make up the rock section 
in and near the Fort Peck Indian Reservation were approximately 
horizontal, but since their deposition some force has so tilted them 
that they now dip gently toward the east. This dip, however, is not 
constant in direction nor degree. A low <lome, near the center of 
which Poplar is located, breaks the continuity of the dip, and causes 
a slight reverse dip to the west, thus producing a shallow syncline 
pitching southeastward whose axis trends northwest and southeast a 
few miles east of Wolf Point. The formations immediately con- 
cerned in the Poplar dome dip away from it in every direction, the 
direction of the dip at any particular point being determined by the 
direction of such a point of observation from the center of the dome. 
Thus the formations at a point due east of the center dip to the east. 
The lignite beds along the river east of Brockton dip eastward at 
about loo to 135 feet to the mile. In directions other than east of 
the dome, where its presence only intensifies the general dip, its effect 
does not reach beyond 15 miles. 

THE LIGNITE. 
GENERAL DESCRIPTION. 

By reference to the sections given on the following pages it will be 
noted that many lignite beds occur in thLs field. Relatively few of 
these beds, however, are of sufficient thickness for consideration as 
mining possibilities. Wherever wide areas are concealed between 
the districts discussed no attempt has been made to correlate indi- 
vidual beds from one to another. 

The character of the materials that inclose lignite beds is so change- 
able that it is never possible to predict what the roof and floor of any 
particular bed are likely to be a few yards from the point of actual 
exposure. As a general rule it may be said that a few feet of the lig- 
nite bed itself, should its thickness permit, will make a much stronger 
roof than any material that may overlie it. Timber suitable for mine 
purposes is very scarce except in the valley of Missouri River. Water, 
while not abundant except in the rivers, could be stored by building 
reservoirs in small streams and could possibly be obtained from wells. 

The lignite beds which occur in the somber-colored formation 
have shown so much variability in quality, thickness, and lateral 
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extent that, in the presence of better lignite in the Fort Union for- ' 
mation, they are considered worthless as a whole. In places they 
have a workable thickness and have been burned along their out- 
crops, but on account of their uncertainty of character no attempt 
was made to note them closely. 

Ijignite beds of workable thickness and purity occur at intervals 
through the entire thickness of the Fort Union formation exposed in 
the field. They are much more constant in character than those 
occurring in the somber-colored beds, and are here treated more in 
detail. Near Missouri River the outcrops of the principal be<ls have 
been traced and mapped, but away from the river no attempt has 
been made to follow out individual beds. 

A feature of the region, especially noticeable south of Missouri 
River, is the clinker produced by the burning of lignite beds along 
their outcrops. This material, which is usually red, is an unfailing 
index to the position of the bed burned. It would, in many locali- 
ties, be extremely difficult to meander outcrops of beds without the 
clinker as a guide. To some extent also the persistence and thick- 
ness of the clinker give some idea of the persistence, quality, and 
thickness of the burnt bed, as thick beds of good quality produce 
a greater thickness, and more completely fused zones of clinker than 
thin or impure beds. The distance back from the outcrop of a bed 
to which burning may take place is governed by the thickness of 
cover, which, if great enough, smothers the fire by preventing access 
of air. In this connection it is impossible to give exact figures, as 
no mining or prospecting has been done where it was necessary to 
remove the clinker to reach the lignite. To the observer, however, 
the width of the clinkered zone is often an obvious matter. In pros- 
pecting for lignite on an outcrop that has been burned it may be well 
to keep in mind the fact that the base of the clinker, which is usually 
well marked, is on a level with the base of the burnt bed of lignite. 

The areal distribution of the formations that occur in this field is 
shown on Plate III. The principal wagon roads are shown, except 
those in the valley of Missouri River, where there is such a network 
of roads that to represent them would only complicate the map. 

The outcrops of important beds of lignite in the eastern part of 
the field are also shown on the map. In the field no attempt was 
made to map the contact of the river alluvium with older forma- 
tions. The map is compiled from Missouri River Commission maps 
and township plats of the General Land Office. The Fort Peck 
Indian Reservation constitutes the greater part of the field. The 
north boundary of the reservation is the north boundary of the area 
mapped. On the west the reservation is bounded by Porcupine 
Creek, on the south by Missouri River, and on the east by Big 
Muddy Creek. 
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DISTRIBimOH or UGKITE. 

For convenieoce of deacription the field is divided into more or I 

leas arbitrary diatricts. The districts nearest the Great Northern I 
Railway and Missouri River, on account of their accessibility, have 

been examined in greater detail than those more remote from lines of { 

transportation. I 

BROCKTON-OULBERTSOS DISTRICT. 

The Brockton-Culbertson district includes the region in the reser- 
vation east of Brockton, between Missouri River and the seventh I 
standard parallel, and a small area about Culbertson east of Big I 
Muddy Creek. This district, because of its accessibility, has been i 
studied in more detail than other parts of the field, especially in 
T. 28 N., Rs. 53 and 54 E., where the two important lignite beds 
have been followed in their outcrops by means of stadia measure- 
ments and where concealed have been prospected by means of a 
hand drill. 

The dip of the lignite beds and containing formations in this dis- 
trict is to the east, its amount ranging from 25 to 135 feet to the 
mile. A section compiled from scattered exposures and supple- 
mented by observations made south of Missouri River, with unim- 
portant lignite beds eliminated, is given below. For convenience of 
description, the important beds are designated by letters A, B, C, etc., 
A corresponding to the lowest workable bed. 

Section in Brocktem-CulberUnn dittrict. 

Ft. Ls. 

Ligoite (bed U) 9 

Clay and sand 90 

Lignite 4-6 

CUy 10-27 

Lignite (bed F) 5 6 

Sand and clay 70 

Lignite (bed E) 3-6 

Sand and clay 130 

Lignite 5 7 

Clay 6 

Lignite (bed D) 9 

Sand and clay 96 

Lignite (bed C) 2 

Sand and clay 115 

Lignite (bed B) 1-5 6 

Sand and clay 275 

Clay 16 

Lignite (bed A) 7 7 
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From the above' section it may be- noted that about 900 feet of 
strata bearing workable becte of lignite are exposed in the Brockton- 
Oulbertson district. 

Only three beds of lignite occurring in this district east of Big 
Muddy Creek are of sufficient thickness to warrant consideration. 
On the map these are termed beds F and G, F being made to 
include the two lower beds, which are so close together in the section 
that their mapped outcrops practically coincide. The outcrops of 
these beds arc shown on the map {PL III). The prevailing east- 
ward dip of the beds is so much less about Culbertson as to be 
practically negligible so far as its effects on mining is concerned. 

Bed A.— In T. 28 N., K. 53 E., bed A lies at the contact of the 
somber-colored beds with the Fort Union formation above. Another 
bed appears a few feet above bed A, and it is possible that in attempt- 
ing to map the outcrop of bed A locations were at some places taken 
on the upper bed, but they are so near in the geologic section that 
their outcrops practically coincide. 

The outcrop of bed A is shown on Plate III. From the point 
where Box Elder Creek flows out of the hills into river alluvium the 
bed rises gradually northwestward to the top of the divide between the 
river and Lake Creek. From the top of the divide the outcrop of 
the bed was followed in a northeast course to the seventh standard 
parallel. The bed dips to the east about 100 feet to the mile and 
presumably underlies all the territory east of its mapped outcrop. 
In sees. 21 and 22 bed A has been burned along its outcrop, pro- 
ducing a considerable amount of red clinker. A section of bed A 
in the NE. } sec. 21, T. 28 N., R.53 E., shows 6 feet 5 inches of lig- 
nite, with sandstone roof and clay floor. 

Near the middle of sec. 21, T. 28 N., R. 53 E., bed A is exposed 
naturally in the point of a hill, where the following section was 
measured : 

Sft±ion of bed A nenr middle of let. SI, T. S8 JV., R. SS E. 
Clay roof. Ft. (n. 

Lignite 2 2 

Clay 1 

Lignite 2 7 

Lignite, dirty 4 

Lignite 2 6 

Total lign ite 7 7 

A hole drilled in the NE. { sec. 8 revealed only 4 feet 8 inches 
of lignite. It is probable that the lignite struck here is the smaller 
upper bed which lies about 10 feet above bed A. 
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An exposure of the small bsil above bed A was seen in the SE. \ 
sec. 22 near the wagon road, just east of Box Elder Creek. A sec- 
tion follows: 

Section of ligniU bfdin SE. J «er. ^^. 7", f « N.. R. 5S E. 

Sandy clay roof. Ft. In. 

Lignite 1 6 

Clay 1 

I.ifinite 3 6 

Total liRnit* 5 

Several attempts were made to reach bed A at points along its 
outcrop, but it is so concealed by glacial drift that no satisfactory 
results could be obtained. Bed A wherever measured contains some 
thin partings, but they are not of sufficient thickness to interfere 
seriously with mining operations. No attempt was made to follow 
the outcrop of this bed north of the seventh standard parallel. 

Accessible parts of the outcrop of bed A are probably too far 
from the river to utilize that stream as a source of water for mining 
purposes, but a reservoir could be formed by damming Box Elder 
Creek. In case no great amount of water should be needed, it 
might be obtained from wells, possibly artesian. 

Bed B.—In sees. 30 and 31, T. 28 N'., R. 54 E., just north of the 
Great Northern Railway, is a small area of badlands in which bed B 
is well exposed. It is 300 feet higher in the rock section than bed A, 
and, like the beds above and below it, rises gradually to the west. 
Many exposures of the bed were measured, but it shows so much 
variability in thickness that it is not considered of much value. 
Its greatest measured thickness is 5 feet 6 inches and its least 1 foot. 
It is usually very impure. 

Bed C. — In the Brockton-Culbertaon district bed C is about 2 
feet thick and is of little consequence. It is inclu<led here princi- 
pally because it is thicker on the south side of the river. It is about 
115 feet above bed B in the rock section, and was measured in only 
one place, in the western part of T. 28 N., R. 54 E. 

Bed D. — For about 500 feet in the section above bed A many thin 
beds of lignite occur, but none of them has shown workable thick- 
ness in the Brockton-Culbertson district. The outcrop of bed D is 
similar to that of be<l A in that it swings to the northwest from the 
edge of the river alluvium to the top of the divide between the river 
and Lake Creek, 'thence northeastward to the seventh standard par- 
allel, beyond which its outcrop was not followed. The outcrop lies 
almost wholly in T. 28 N., R. 54 E., and the dip of the bed to the east 
in the western part of the township is about 136 feet- to the mile, 
somewhat more than the dip of bed A. It presumably underlies 
all the territory east of its outcrop. 
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East of the point where the outcrop of bed D is concealed by river 
alluvium there is probably a diminution in the'amount of dip. In 
other words, from sec. 26 eastward to Big Muddy Creek bed D prob- 
ably lies almost flat, but is still inclined slightly to the east. 

Westward from the middle of sec. 20 bed D has been burned for a 
short distance along its outcrop. Near the middle of sec. 20 a hole 
was drilled which revealed the following section: 

Seclwn of ligniu in drill hole in »ec. SO, T. 28 N., R. 54 E. 

Clay roof. Ft. in. 

Lignite 5 7 

Clay, sandy 6 

Lignite (bed D) 9 

Total lignite 14 7 

Another hole was drilled through bed D near the middle of sec. 4, 
and revealed 8 feet 8 inches of lignite. 

A bed of lignite 5 feet 7 inches thick overlies bed D, from which it 
is separated by 6 feet of clay. These beds are so near that the gen- 
eral conditions affecting one also apply to the other. 

Bed E. — No exposure of bed E was seen in the Brockton-Culbert- 
son district. The thickness given in the general section was meas- 
ured on the south side of Missouri River, where the bed is well ex- 
posed and lies about 140 feet stratigraphically above bed D. 

Bed F. — It will be seen by reference to the map {PI. Ill) that bed 
F underlies considerable territory in T. 28 N., Rs. 55 and 56 E, 
Its outcrop follows closely the base of the hills bordering the flood 
plains of Big Muddy Creek and Missouri River, and in elevation it 
is .about 100 feet above the Missouri, Above bed F and separated 
from it by 10 to 27 feet is another bed which in places reaches work- 
able thickness. 

Section of bed F near quarUr comer ftefueen sees. 5 and 6, T. 28 N., R. 55 E. 

Feat. 

Lignite 6 

day and sand '. 27 

Lignite (bed P) _ . 4+ 

Total lignite 10+ 

III this section the base of bed F is concealed. Two exposures 
about li miles farther northwest showed 6 to 8 feet of lignite; free 
from partings. 

SeelionofbedFinSW. \ m: SS, T. -^8 N., H.5r,E. 

Fi. in. 

Lignite 3 8 

Clay and sand , 17 

Lignite (bed F) 5 

Total lignite , ^. 8 8| 

L _ . Google 
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Where the bed is not covered by hill wash it is in many places so 
fringed by chnker that no satisfactory measurements could be made. 
Both benches of bed F are free from partings and appear to be of 
excellent quality. 

Bed 0. — ^A part of the outcrop of bed G, 115 feet above bed F or 
215 feet above Missouri River level, has been mapped near Culbert- 
son. The thickness of the bed was measured in only one place, at 
the Bruegger mine, 3 miles north of Culbertson, a description of which 
follows. This bed has been burned somewhat along its outcrop. 
Its exploitation is considered a safe mining venture, but it is rather 
inaccessible on account of its elevation and distance from means of 
transportation. 

About 3 miles north of Culbertson the Bruegger mine has been 
opened on bed G. The main entry runs north and is about 200 feet in 
length. The bed is 8 feet 6 inches to 9 feet thick, is free from part- 
ings, and is of good quaUty, as shown by the analysis on page 55- 
The fuel is hauled by wagons to Culbertson for local use. 

DISTRICT SOUTH OF MISSOURI KIVEK. 

The district described here is bounded on the north by Missouri 
River, on the west by the tenth ^uide meridian, and on the south 
by the sixth standard parallel, and extends eastward to a point south 
of Missouri River opposite Culbertson. 

In structure it is similar to the region north of the river. The gen- 
eral dip is to the east or a little south of east, with a slight reverse 
dip to the west from Redwater River westward for 15 miles. This 
reverse dip is duo to the shallow, southeastward-pitching synchne 
mentioned above as lying between the Poplar dome and Wolf Point. 
The effect of this syncline is to bring the lower contact of the Fort 
Union beds, the principal hgnite-bearing formation, to a lower level 
and therefore nearer the river. Westward from the mouth of 
Swartz Creek, opposite Wolf Point, the beds rise gradually, thus 
throwing the Fort Union hgnite-bearing formation farther from 
Missouri River. 

The contact of the somber-colored beds with the overlying Fort 
Union formation, at or above which the better beds of lignite occur, 
is shown on the map (PI. III). The lignite which occurs near this 
horizon, west of Charlie Creek, because of its general inaccessibility 
in that direction, has not been measured or mapped with as much 
accuracy as the beds east of Charlie Creek. Workable beds near 
the river west of Charlie Creek occur as irregular outhers with thin 
cover, 400 feet or more above the river bottoms. In the southern 
part of T. 27 N., R. 49 E., a 5-foot bed of lignite occurs in the somber- 
colored beds and it has been mined to some extent on Nickwall 
Creek for use at Poplar. 

, „.«tvGoo»^lc 
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The eastward dip whose effect begins to be felt strongh' 10 miles 
east of Redwater River brings the base of the Fort Union, the 
principal Hgnite-bearing formation, down to river level near the mouth 
of Charlie Creek, eastward from which lignite beds successively 
higher in the section appear near river level. 

East of the mouth of Charlie Creek lignite beds occur in abundance 
and have practically the same distribution stratigraphically as in 
the Brockton-Culbertson district. For convenience of description 
the important beds are designated by letters, similar letters being 
given to beds correlated as the same in the two districts. 

Bed A. — The bed of lignite which occurs at the contact of the Fort 
Union formation and the somber-colored beds in the Brockton- 
Culbertson district appears south of the river in T. 27 N., R. 53 E,, 
near Charlie Creek. The bed dips to the east abqut 100 feet to the 
mile and disappears below the level of Missouri River a short distance 
east of the mouth of Charlie Creek. Near the rivef the outcrop of 
bed A is so concealed that only a partial exposure could be seen. 
This was near West Charlie Creek, in the southern part of T. 27 N., 
R. 53 E. A section follows: 

Section of bed A on TTest Charlie Creek. 

Sand root. Ft, in. 

Lignite.' 2 

Partii^ 2 

Lignite 1 6 

Parting 1 

Lignite I 5 

Parting 1 

Lignite 2 9 

PartiDg 2 

Lignite (base concealed) '. 7 

Total lignite exposed 6 5 

East of the mouth of Charhe Creek the outcrop of bed A should 
be found near the river, but its character and thickness there are 
not known. 

Bed B. — South of Missouri River bed B could not be recognized. 
Its outcrop should lie between the mouth of Charlie Creek and Balls 
Bluff to the east, but from its character north of the river it is not 
surprising that the bed should have pinched out here. 

East of the mouth of Charlie Creek the outcrops of the principal 
lignite beds have been followed only near the river, where they are 
well exposed in the bluffs and badlands. 

Bed C. — In Balls Bluff, just south of Missouri River in the north- 
central part of T. 27 N., R. 54 E., bed C is well exposed and averages 
4 to 5 feet in thickness. Here the bed is about 150 feet above the 
river, but near the east line of the township the eastward dip of the 
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bed can-ies it below river level. Westward from Balls Bluff the 
outcrop of bed C risea rapidly and swings to the south, where it 
could not be followed because of the smooth, grasa-covered charact«r 
of the country. 

Bed D. — ^In outcrop bed D closely follows bed C, from which it is 
separated by 50 to 100 feet of sandy clay, but on account of the 
diminution of the dip to the east it extends down Missouri River 
nearly to the mouth of Twomile Creek before disappearing. Bed D 
averages nearly 10 feet in thickness and has in places a few partings 
that are too thin to interfere with mining. Some detailed measure- 
ments of bed D follow: 

Serlion of bed D in eastern part of T. 27 N., R. 54 E. 

Sandy clay roof. Ft. 1q. 

Lignite 6 6 

Clay...., : , 3 

Lignite 2 10 

Sand 2 

Lignite 6 

Total lignite .' 9 10 

Seelion of bed D at Balls Bluff in north-cmtral part of T. S7 N., R. 54 E. 

Soft Bandslone roof. Ft. In. 

Lignite, dirty 1 

Lignite 6 6 

Clay 2 

Lignite 2 6 

Total lignite 10 

At a number of points along their outcrops beds C and D are well 
located with reference to transportation by water, and are easily 
accessible to mining for domestic purposes. 

Beds E, F, and G.—la T. 27 N., R. 54 E., and between Twomile 
and Hardscrabble creeks, beds E and F appear as narrow outliers 
capping the highest divides. Their outcrops are nearly everywhere 
fringed by clinker, making frequent measurements of their thickness 
impossible by the usual means. Near the east line of T. 27 N., R. 
5i E., the eastward dip of the beds is about 100 feet to the mile, but 
farther east the dip dimirushes considerably, probably not amounting 
to more than 25 feet to the mile opposite Culbertson. 

A section of bed E in the northeast-central part of T. 27 N., R. 

54 E., shows 8 feet 8 inches of good lignite. To the east the bed dimin- 
ishes considerably in thickness. In the SW. J sec. 11, T. 27 N., R. 

55 E., it is about 4 feet thick, with a thin parting near the base. A 
measurement of bed E in the N. i sec. 8, T. 27 N., R. 56 E., in the 
south bank of Missouri River opposite Culbertson, shows 4 feet 9 
inches of lignite, with three thin partings. East of Hardscrabble 
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Creek bed F occurs near the top of the bluff bordering the river flat 
and is burnt continuously along its outcrop. The bed Ues about 
150 feet above river level near the mouth of Hardscrabble Creek and 
100 feet above river level at the ferry south of Culbertson. The dip 
of the bed to the east is probably not more than 25 feet to the mile, 
hence so far as mining is concerned it may be regarded as lying 
flat. 

About half a mile west of the ferry south of Culbertson, where the 
w^on road crosses the point of a hill, 8 feet 6 inch^ of bed F was 
measured, the base being concealed. It is here free from partings 
and appears to be of excellent quality. 

Seetvmo/bedFinNW.iuc.9, T.n N.,R.56E. 

Sandstone roof. Ft. in. 

Lignite 4 

Clay and sandy clay 16 

Lignite (bed F) 8 6 

Total lignite 10 6 

One-fourth mile east of this locality a mine has been opened on 
bed F. A section follows : 

SeetionofbedFinsec.9, T. S7 N., R. 56 E. 

Clay roof. r(. Id. 

Lignite 3 11 

Clay 2 

Lig^te 3 9 

Clay ; 1 

L^ite 1 10 

Total lignite !» 6 

The great thickness of clinker attending bed F is probably due to 
the combustion of this bed together with the 4-foot bed 15 to 20 
feet above. 

Bed F, though not ideally situated with reference to water trans- 
portation, is at many places near enough to the river to be reached 
by an incline from the edge of the water. The quality of the bed is 
everywhere apparently good. 

The outcrop of bed G was not traced south of Missouri River. 
About 2 miles south of Culbertson ferry this bed is exposed and 
measures 5 feet 6 inches of clean lignite. 

NORTHEAST CORNER OF RESEKVATION. 

No attempt has been made to trace individual beds of lignite in the 

northeast corner of the reservation, as the region is so covered by 

glacial material as to make close correlations impossible. As in 

other parts of the field the contact of the somber-colored beds with 

7470~Bull. 38lA— 09— 4 -.OglC 
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the Fort Union formation above marks practically the lower limit of 
workable lignite. Above this contact the distribution of lignite beds 
is probably not radically different from their distribution in the 
Brockton-Culbertson district, except that beds higher in the strati- 
graphic section appear. The general dip of the strata is to the east, 
possibly a little south of east, in amount ranging from a few feet to 
100 feet to the mile. 

Lignite on Smoke Creek. — Lignite is exposed at many places on 
Smoke Creek near water level. In all probability these exposures 
are on the same bed, whose dip to the southeast is practically the 
same as the fall of the creek. At no place could the full thickness be 
seen. Near West's ranch the bed has been mined for local use. 
Some sections follow: 

SectUm abotit 4 rnUei up Smoke Oreek/rom Wett't ranch. 

Ft. in. 

Lignite 2 6 

Parting 1 

Lignite (base concealed) 4 2 

Section in norrt bank of Smoke Creek at Weil't ranch. 

Ft. In. 

Lignite 2 5 

Parting 1 

Lignite (base concealed) 4 2 

Section about 6i miles down Smoke Creek from Wett's ranch. 

Ft. In. 

Lignite 2 5 

Farting 1 

Lignite (base concealed) 5 6 

In the bluff south of West's ranch a number of lignite beds appear, 
two of which have been burned along their outcrops and may be of 
workable thickness. These are 140 and 160 feet above the level of 
Smoke Creek. 

lAgnite on Sauerkraut Creek.^A bed of lignite 5 feet 10 inches 
thick is exposed on Sauerkraut Creek, a small stream that flows 
southeastward between Smoke and Wolf creeks. About 2* miles 
southwest of Scott's ranch on Wolf Creek the lignite has been mined 
for local use. The bed appears to dip slightly to the southeast and 
is overlain by sandstone. Other exposures of thin beds of lignite 
were noted on Sauerkraut Creek. 

Lignite near Wolf Creek. — Near the heads of small streams which 
enter Wolf Creek from the west the country is cut into badlands, 
exposing several beds of lignite. These beds have been considerably 
burned in their outcrops, forming a red clinker. A measurement of 
the thickest bed gave 6 feet of lignite, with a 4-inch parting 1 foot 
from the top. 

, „.^, ,>Gooj^lc 



FORT PECE LIGNITE PIELDj MONTANA. 51 

A section of the roeka exposed at the head of a small stream enter- 
ing Wolf Creek from the west 6 miles upstream from Scott's ranch 
follows : 

Section of beds wul of Wolf Creek. 

Sands and claya, yellowish 150 

Sand, blue and yellow 20 

Clay, carbonaceous 6 

Sandstone, yellow 12 

Clay, some lignite 9 

Sand and clay 15 

Clay, cacbonaceoua 2 

Clay, sandy 21 

Sand 10 

Lignite 8 

Clay 10 

Clay, sandy 17 

Lignite 8 

Clay 4 

Lignite : 1 

Clay 8 

Sand, yellow 16 

Clay and sand 15 

Lignite .- 3 

Sand 6 

Lignite 8 

Clay and sand 15 

Lignite 2 

Sand and clay 60 

Level of Wolf Creek. 

401 1 

Very little lignite shows in the drainage basin of Wolf Creek, 
except as noted in the foregoing section, about 75 feet above the 
level of the stream, although a section of rocks 500 feet or more 
thick is well exposed in the region. 

On Otter Creek, a small tributary of Big Muddy Creek in the 
extreme northeast comer of the reservation, a bed of lignite outcrops 
but has been so completely burned that no satisfactory measurements 
could be made. 

In the west bank of Big Muddy Creek 3 miles northeast of Scott's 
ranch several thin beds of lignite were noted, but they were not of 
sufficient thickness to warrant much attention. 

On the oast side of Wolf Creek, 15 miles above Scott's ranch a 
5-foot bed was seen. This bed was on fire near the point where it 
was measured. 

Other localities. — From Kern's ranch, on Poplar River, about 9 
miles north of the seventh standard parallel, northwestward to the 
north boimdary of the reservation, the contact of the somber-colored 
beds with the overlying Fort Union formation is easily traceable and 
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is usually marked by the presence of several beds of lignite, both 
above and below. From Kern's ranch southeastward to the seventh 
standard parallel the lower contact of the Fort Union is so generally 
concealed that its position is indefinite. 

On Hay Creek, 3 miles north of Kern's ranch, lignite has been mined 
for local use. At the time the mine was examined only 3 feet 7 
inches of the bed was exposed, the base being concealed. A thin 
parting occurs near the top of the bed. 

The area in the northeast comer of the reservation underlain by 
the Fort Union formation is shown on the map accompanying this 
report. Although in this area lignite is exposed only along the large 
streams it is probable that prospecting elsewhere would reveal many 
workable beds now concealed by d6bris. 

SOBTH-CENTEAL PAST OF RESERVATION. 

In the north-central part of the reservation, south of West Branch 
of Poplar River and Cottonwood Creek, is a high plateau whose 
north boundary is marked by an abrupt escarpment in which the 
contact of the somber-colored beds with the Fort Union formation 
above is exposed. This contact, at or near which several beds of lignite 
usually occur, is about 200 feet above the level of Poplar River. 
The land between the base of the escarpment and Poplar River has 
a uniform slope, but is in places deeply trenched by short northward- 
flowing streams. The highest part of the plateau lies next to its 
north boundary, from wliich the slope is gentle to the south for several 
miles, to a region where streams heading in the plateau gain sufficient 
strength to cut deep valleys, thus changing the character of the 
country from a smooth to a rolling prairie with gulches here and there. 

The lower contact of the prolifically lignite-bearing formation on the 
south side of the plateau could not be located with certainty because 
of the smooth, grass-covered character of the country. The contact 
of the somber-colored beds and Fort Union formation in this plateau 
rises gradually to the west to a point a few miles east of the head of 
Cottonwood Creek, where it is intercepted by a gravel terrace the 
grade of which, although in the same direction, is slightly less than 
the rise of the contact. 

Section at high white point at ea»t end of plateau south of Weal, Branch of Poplar River. 

Ft. In. 

Sandstone, eolt, yellowish 40 

Lignite 5 

Clay 1 9 

Lignite 7 

Clay 2 3 

Lignite 6 
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Ft. In. 

Clay and aand, somber 77 

Ligmte i 6 

Clay, carbonaceoua 2 8 

Lignite : 1 

Clay, gray 3 

Sandstone, gray 17 5 

Lignite 2 1 

Clay, carbonaceouB 2 3 

Sand, clayey 20 

180 10 

Section in badlands southeoit of junction of Cottonwood Creek and Wat Branek of Poplar 

Ft, In. 

Gravel 15 

Sandstone, coarse, white 2 6 

Sandstone, yellowish, and gray clay 40 

Lignite 5 

Clay 6 

Lignite 3 

Sand, clayey 20 



Lignite 1 

Sandatone, clayey 16 

Clay, dark gray 40 

Lignite 3 6 

Clay 1 6 

L^ite 5 

Clay, sandy 4 

Lignite 6 6 

Clay 5 

Sand 10 

Clay, sandy, with two thin beds of lignite at top 17 6 

Lignite 1 

Clay 12 6 

Sandstone, cream-colored 5 

Lignite 2 

Clay 3 

Sand, somber 15 

Lignite 3 9 

Clay, sandy, somber. 

242 8 

As shown by the sections, a number of Hgnite beds occur in thia area, 
but they are rather inaccessible because of their elevation. Water 
for mining purposes is scarce or lacking altogether. 
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Section of lOTnber-oolortd bedi in badlandi lotitheaMt of Kfm't rondi. 

Ft. U 

Sand and clay 12 

Lignite, bony 2 

Sand, yellow 6 

Lignite, thin 

Sand 2 

Lignite 

Sand and clay 10 

Lignite 1 

Clay and sand 47 

Lignite 2 

Clay 10 

Lignite 1 

Sand 10 

Lignite, thin 

Clay and Band 28 

Lignite 

Sand and clay 65 

Lignite, thin 

Clay 17 

Lignite 1 

Clay, with two thin eeams lignite 24 



241 7 
North of Cottonwood Creek and between East and West branches 
of Poplar River are some small areas underlain by yellow beds of 
the Fort Union formation, but they are similar to the plateau just 
described so far as general conditions of accessibility are concerned 
and will not be discussed further. Their extent is shown on Plate III. 

Section ofligniU btd» in NE. \ tec. S, T. t8 N., R. 47 E. 

Ft, Id. 

Gravel and clay : 15 

Sand : 5 

Clay, sandy 8 

Lignite 1 10 

Clay 8 

Lignite 1 10 

Clay, sandy 20 - 

Lignite 1 8 

Clay 5 

Lignite 1 

62 "» 
The lignite beds noted in the foregoing section appear in a high 
point of land which is crossed by the seventh standard parallel just 
east of Wolf Creek. A short distance northeast of the point where 
the section wa3 made one of the beds noted has been mined for local 
use. About 40 acres of surveyed land is underlain by the lignite. 
CHARACTER ADD USES OF THE LIGNITE. 
The lignite in the Fort Peck field does not differ in character and 
composition from that in other parts of the same general region. It 
is dark brown in color, tough, and woody in structure. 
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The following analysis represents [a sample of lignite obtained 
3 miles north of Culbertson, which is the only place near the reserva- 
tion where an unweathered sample could be obtained at the time, 
but it is thought that fuel in other parts of the field will not differ 
materially in quality from this sample. The analysis was made at 
the laboratory of the United States Geological Survey fuel-testing 
plant, Pittsburg, Pa. 
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This sample was taken according to Survey regulations and repre- 
sents the whole thickness of the bed. After crushing, the Ugnite waa 
sealed in a galvanized can and thus reached the laboratory in prac- 
tically the same condition as it was in the mine. As shown by the 
analysis the sample as received at the laboratory contained 43.16 
per cent of moisture, which is somewhat high even for a Ugnite. It 
is probable that the analysis of the air-dried sample represents 
approximately the condition of the fuel as it would reach the con- 
sumer, for much of its moisture is lost through handling. 

In the absence of timber, which is almost totally lacking in this 
region except in the river valleys, Ugnite is used generaUy for domestic 
purposes. However, as most of the inhabitants of the Fort Peck 
region Uve near Missouri River, wUere timber is comparatively plen- 
tiful, Uttle Ugnite is mined. Except at the Bruegger mine it is taken 
from open pits where it is necessary to remove Only a small amount 
of overburden. 

FUTUBE DEVELOPMENT. 

Lignite is widely distributed in this general region and it is not 
likely that any part of the area wiU develop far in advance of any 
other part, though if a certain field should have extremely favorable 
conditions of transportation, thickness, and purity of fuel it would ; 
derive some advantage therefrom. It seems probable, therefore, 
that the fuel wiU have only a local use for many years to come and 
that it will not enter seriously into competition outside of its own 
territory with better grades of fuel mined in other parts of Montana. 

Probably the greatest future use of the lignite will be in generating 
power for pumping plants to irrigate lands where gravity systems are 
impracticable, but lands however irrigated would attract many 
settlers, thus creating a great demand for fuel for domestic purposes. 



THE CKNTRAL PAllT OF THE BULL MOUNTAIN COAL 
FIELD, MONTANA.- 



Bv R. W. Richards. 



INTRODUCTION. 

Field work. — The survey of the Bull Mountain coal field, Montana, 
which was begun during the summer of 1907 by L. H. Woolsey,* was 
continued during the month of May and up to the middle of June, 
1908, by M. A. Pishel and the writer, and from that time until the 
1st of November by Henry Hinde, Frank R. Clark, James H. Bridges, 
and the writer. The present paper is a preliminary statement of the 
results obtained in the area bordering the north and east sides of 
that portion of the Bull Mountain field examined and discussed by 
Woolsey, The residents of the rpfjion rendered valuable assistance 
and the Republic Coal Company materially aided the progress of 
the work by the contribution of information gathered by its prospect- 
ing parties. 

The primary purpose of the survey, as in the previous season, was 
the collecting of data for the classification and valuation of public 
lands supposed to be coal bearing. The only investigation in the 
Bull Mountain coal field previous to that of 1907 was that of the 
geologists of the Transcontinental Survey in ISSl." This was largely 
confined to the Mammoth coal bed, the discussion of which has 
been reviewed by Woolsey. The results of this earlier work, so far 
as identification is possible, agree closely with those obtained by 
the Geological Survey, but the work itself was carried on with much 
less detail. 

Location and extent.—^The Bull Mountain coal field is located in 
the southeast-central part of Montana, as may be seen by referring 
to the index maps of Plates IV and V. The field lies, roughly speak- 
ing, about 30 miles north of Billings, antl is mainly bounded on the 

a A lull report on tbls cokI Geld Is in prepeiatioii and will be published as a separate bullelln. 
6 Woolsey, L. H., The flQll Mountain coal Held, Montana: Bui), V. S. Geol. Sunpy No. 3«, 1B08, 
pp. 82-77. 
' EldTldge, a. H., Uontuu coal Oelds: Tenth Census, vol. IS, ISSti, pp. 7$3'7&S, 
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north by Musselshell River. Two parts of the field, however, cross 
the river, one in the vicinity of Musselshell and the other near 
Roundup. The east boundary of the field is still more irregular and 
crosses the heads of Wild Horse and Alkali creeks about 12 miles 
east of Musselshell post-office, in R. 31 E. The south boundary is 
within T. 5 N. 

The field as a whole is about 36 miles from north to south and 30 
miles from east to west. The part treated in this report is L-shaped 
and comprises about 612 square miles. It includes Ts. 5 and 6 N., 
Rs. 28 and 29 E.; T. 7 N., Ra. 25, 26, 27, 28, and 29 E.; T. 8 N., 
Rs. 26, 26, 27, 28, 29, and 30 E.; and portions of T. 9 N., Rs. 27 and 
28 E. Roundup, the only mining town of the field, and the center 
of population, is situated on Musselshell River in T. 8 X., R. 25 E., 
about 2 miles northeast of a small trading point, formerly known as 
Roundup post-office. It presents to-day a remarkable instance of 
the rapid growth of a coal-mining camp. 

Commercial relations. — The Bull Mountain coal field has been 
brought into prominence by the building of the Pacific coast extension 
of the Chicago, Milwaukee and St. Paul Railway, now known as the 
Chicf^o, Milwaukee and Puget Sound Railway. This field is the 
most promising source of coal supply for this new transcontinental 
road, a fact which has led to its rapid development. 

Butte, a mining and smelting center, and one of the lai^est con- 
sumers of coal in Montana, is entered by the line of railway passing 
through Bull Mountain, and Roundup coal is being brought into this 
market on favorable competitive terms with coal from the other fields 
that up to the present year have supplied the industries of that city. 

Billings, a large center of population, about 20 miles south of the 
southern edge of the Bull Mountain coal field and about 50 miles 
south of Roundup, derives its fuel supply mainly from the Red 
Lodge and Bear Creek districts, but direct railway connection between 
Roundup and Billings is a possibility of the future. 

Drai7iage.—Th.e Bull Mountain coal field occupies the higher 
portion of the main divide between Yellowstone and Musselshell 
rivers in Rs. 25 to 31 E. The streams draining the north side of 
the field and entering Musselshell River, named in order from west 
to east, are as follows: Goulding Creek, Naderman Coul6e, Halfbreed 
Creek, Berrigan Coul6e, Parrot Creek, Schnall Coulee, Fattig Creek, 
and Hawk Creek. The principal creeks which enter Yellowstone 
River from the southeast portion of the field examined are Buffalo, 
Hibbard, Cow Gulch, and Railroad creeks. The streams on both 
sides of the divide are for the most part intermittent, but all of 
them have deep-cut valleys that are often flooded after heavy 
showers. 
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TOPOORAPHY. 

T)ie portion of the Bull MoiintaiD field examined during the 
season of 1908 has an extreme relief of about 1,300 feet and exhibits 
a type of topography that is the result of rather mature erosion upon 
nearly horizontal beds of alternating hard and soft rocks. The 
traveler passing along the northern boundary of the field on the 
Chicago, Milwaukee and Puget Sound Railway sees to the south, in 
the background, high buttes,"such aa Three Buttes and the main 
northern Bull Mountain Mesa. Kadiating from them in the mid- 
ground he sees rugged divides w liich are dissected into mere skeletons 
by innumerable coulees. In some places heavy horizontal sandstone 
strata produce extensive flats, which as a rule are utilized for grazing 
purposes. In the foreground stretches the flood plain of Musselshell 
River, wliich where irrigated produces excellent crops of alfalfa 
and grain. Badland topography is uncommon and is- limited to a 
band of sandy clay shale wliich outcrops near the base of the coal- 
bearing rocks, 

GEOLOGY. 

STRATIGRAPHY. 

The upper rocks of the Bull Mountain coal field belong to the 
Fort Union formation of the Tertiary system. The lower rocks, 
which rest in apparent conformity upon the Bearpaw shale of the 
Cretaceous, have by previous writers been either referred to the 
Laramie or designated "transition beds," between the Cretaceous 
and Tertiary systems. They are regarded as equivalent to the 
Bomber beds of the Miles City field. Tfie upper 1,650 feet of the 
section contains an abundant fauna and flora, which have been 
identified as of Fort Union age by F. H. Knowlton and T. W. Stanton. 
The underlying 200 to 300 feet of somber-colored shale and coarse 
yellow sandstones, with beds of carbonaceous sandstone and shale, 
have yielded a few fossiis of possible Fort Union age. The bottom 
portion of the section, comprising the doubtful Laramie or transition 
beds, is apparently barren of fossils and consists of alternating gray 
sandstones and clay shales w ith thin beds of coal. 

Stratigraphy of the central part of the Bull Moimlain coalfield, Morilana. 
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A section ot the lower beds is given below to show the proportions 
of the different rocks and the relative positions of the coal beds. 

Seclion of lower Tock»{Laram.ieT) of the Bull Mountain coal field, near Muaelihell, Mont. 

Sandstone, gray (base (?) of Fort Union). re. in. 

Sandstone, yellow, coaree, Boft 212 4 



Carbonaceous sandstone and shale, with i-inch to 1-inch 
atreaka of coal 

Sandstone, yellow, soft 

Carbonaceous sandstone and shale, with streaks of coal as 

above 

Sandstone, yellow, coame, withiroa c<mcTetionB 

Limestone 

Sandstone 

Coal 

Shale, yellowish .,. 

Sandstone 

Coal 

Shale, gray 

Coal 

Shale, gray 

Sandstone, with iron concretions 

Limestone 

Shale, gray 

Coal 

Coal 

Shale 

Coal 

Sandstone, yellow, weathering into rounded forms 

Shale 

Coal 

Limestone concretions 

Shale 

Sandstone 

Shale 



Coal 

Shale, carbonaceous.. 

Coal 

Shale 

Coal 

Shale 

Coal 

Shale 

Coal 

Shale 

Coal 

Shale 

Sandstone 
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Ft. li 

Shale 4 

Coal, bone 

Coal 1 

Shale 10 

Coal 

Shale 5 

Sandstone 10 

Shale 1 

Coal 1 



Shale 

Coal 

Shale 

Sandatone, with limeatone cap 

Shale 

Sandstone, yellow, coane, with limestone cap 

Shale 

Sandstone 

Shale 

Sandstone, yellow and gray 

Shale 

Sandstone, yellow to gray, weatherii^ lo rounded pebbles 

Shale, caky, with thin limestone bands 

Sandstone, calcareous 



Sandstone, yellow, poroue 

Concealed 

Sandstone, brown, thin-bedded 

Shales, clay, gray to brown (Bearpaw shale). 



The character of the rocks which were identified as Fort Union and 
which constitute the upper portion of the Bull Mountain section is 
illustrated graphically in the columnar sections on Plates IV and V. 
This section, which is a generalization of several sections measured on 
the north and southeast sides of the mountains, differs from that pub- 
lished by Woolsey" for the southwest portion of the field chiefly in 
the intervals between certain coal beds. The most noticeable dif- 
ference is the thickening of the beds near the base of the section 
by about 450 feet. 

STRUCTURE. 

The central part of the Bull Mountain field has a comparatively 
simple structure. It consists of a lai^e, shallow synclinal basin, hav- 
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ing a general northwestward axial trend, and a rather accentuated 
lip at its northwestern extremity. The syncline merges on its 
northern border into a mild anticline whose Hanks dip aliout 5°. 
The anticline is parallel on the north by a smaller but sharper syncline, 
the greater portion of which lies to the north of the area shown on 
the accompanying maps. 

COAL. 

GENERAL STATEMENT. 

The coal of the Bull Mountain field is for the most part high-grade 
subbituminous ("black lignite") or low-grade bituminous. Mining 
has not been carried on for a sufficiently long period to observe the 
coal under all conditions of exposure, and thus to determine accurately 
its "stocking" qualities. If the coal proves to stock well it should 
probably be classed as bituminous coal. Twenty coal beds that in 
places attain a thickness of more than 2 feet were studied. The 
general habit of the beds is lenticular, though several beds are notable 
exceptions to this rule, and it has been possible to trace their outcrop 
completely around the mountains. An attempt was made to locate 
and define the workable portion of the beds by a study of the out- 
crop, supplemented by drill sections in the northwestern part of the 
field. The ravines, coulees, and ridges were carefully searched for 
outcrops of coal. All coals thus discovered were traced and those 
having a thickness of 2 feet or more were mapped. The traverses of 
the coal outcrop were made either by compass and pacing or by 
triangulation, according to the character of the topography. All 
traverses were tied to land comers. The position of these comers 
was assumed in general to be correctly given on the maps of the land 
surveys except along the right of way of the Chicago, Milwaukee and 
Puget Sound Railway, where the railway survey, being later than the 
land survey and doubtless more accurate, was accepted. Certain 
gross inconsistencies in the position of land comers were evident 
even by the method of work pursued, and these are shown on the 
maps. These maps indicate the number and character of the comers 
found, an effort being made to distinguish between government 
comers, doubtful government comers, comers reported by the rail- 
way survey but not visited by members of the party, and comers 
established by private individuals. The outcrops of the principal 
coals are platted in solid, broken, and dotted lines, which represent 
witliin certain rough limits the thickness of the coal beds and the 
position of the outcrops with reference to section comers, 

DETAILED DESCRIPTIONS. 

In this discussion the coals will be taken in order, beginning with 

the lowest bed and continuing upward to the highest bed in the Bull 
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Mountains proper, \amed in this order, the principal coal beds are 
the Homestead, Big Dirty, Carpenter, Spendiff, Snyder, Snelling, 
Roundup, Wildhorae, "C. A.," Buckey, Chandler, Dougherty, Os- 
trander, Pompey, Saddler, Mammoth, Rehder, Rock Mesa, Carter, 
Matt, Bull Mountain, Wescott, Strait, Red Butte, Fattig, Mid 
Summit. 

The thickest and probably best coal of the doubtful Laramie rocks 
has been called the Homestead bed. The following section, meas- 
\iied in a, prospect, illustrates the character of the bed: 

Section of Homatead coal bed, in T. 9 N., E. 37 E. 

Ft. in. 

Shale with coa! Htreaks 2 

Coal 1 3 

Cool 4 

Bone 2 

Coal 3 

Shale 1 

Coal 1 1 

Total coal 2 11 

The sample of coal which was taken at this point from the 1-foot 
3-inch bench at the top of the bed gave a calorific value of 12,116 
British thermal units in the air-dried state, and on this basis alone 
the coal may be considered a high-grade subbituminous or possibly 
a low-grade bituminous. The coal, although almost freshly mined, 
showed marked indications of weather checking. The Homestead 
bed and its companion thinner beds were deemed unworthy of map- 
ping in the field, and may be dismissed without further discussion. 

The Big Dirty coal bed, called by Woolsey " the Glendive bed, is 
not workable in the Bull Mountain field, but in places it produces 
conspicuous outcrops (P coal. Pis. IV and V) and makes a useful 
marker by which to limit the area of coal-bearing rocks. In order 
that this bed may not be confused with any of the valuable coals, its 
distribution and character will be fully treated. 

In the southeastern portion of the field the Big Dirty coal bed does 
not outcrop continuously, but its blossom was found in the southeast 
comer of T. 5 N., R. 28 E., and near the southeast comer of sup- 
posed sec. 23, T. [5 N., R, [29 E. (unsurvcyed) , the bed consists of 
3 feet of carbonaceous shale and sandstone. It outcrops conspicu- 
ously along Cow Gulch, in the southeastern part of the township, 
where it consists of about 4 feet of carbonaceous shale. Outside of 
the area mapped during the present year this coal was seen in the 
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southeastern portion of T. 5 N., R. 32 E., on Buffalo Creek, and at 
this point consists of 20 feet of carbonaceous shale and sandstone, 
with thin streaks of coal. The Big Dirty coal bed has not yet been 
examined between this point and the center of T. 9 X., R. 30 E., 
where it is exposed as 1 1 feet of carbonaceous shale and sandstone, 
with the characteristic thin, irregular streaks of coal. In sec. 18, 
directly north of D, Chandler's prosjtect on the Cari>enter coal, the 
Big Dirty thins to about 5 feet. The outcrop continues westward 
along the northern rim of the Fort Union basin, and was measured in 
the northwestern portion of T. 9 X., R. 28 E., where it shows two 
benches of carbonaceous shale and sandstone 4 and 3 feet thick, con- 
taining thin seams of coal and separated by a parting of sandstone 
2 feet 6 inches thick. The outcrop continues nearly due west from 
this point to the northwest comer of the township, where it rounds 
the end of the syncline and takes a nearly southwest course. The 
bed as measured in sec. 20, T. 9 N., R. 27 E., consists of 5 feet of 
carbonaceous sandstone and shale, with thin seams of coal and 1 foot 
of dirty coal at the base. The outcrop crosses Musselshell River 
in the northeastern part of T. 8 X., R. 27 E., and thence runs ap- 
proximately west, aside from the irregularities due to the topography. 
A prominent outcrop may be seen in the railway cut in sec. 3, one-half 
mile east of the Arkwright Sheep Company's ranch, where a thickness 
of about 6 feet of coaly shale is exposed. To the west, in sees. 5 and 6, 
the outcrop is very conspicuous, as it covers a dip slope for a consid- 
erable distance. Although it was not possible to obtain an actual 
measurement of the bed in this part of the township, it appears to be 
at least 20 feet thick and is composed of alternating carbonaceous 
shales and sandstones, with thin layers of coal. Fragments of the 
eroded coal collect in the coulees and appear to be of a fairly good 
quaKty. The outcrop continues across the next township to the 
west in the same general westerly direction and is well exposed at 
some places, especially in sec. 2, north of the river road, in an isolated 
butte. At this point it shows at least 2 feet of dirty coal. There 
is a more prominent outcrop in sec. 9, where the bed, 6 feet thick, is 
exposed in a railway cut. The amount of coal, however, is small 
and carbonaceous shale and sandstone predominate. In sec. 18 
the bed is 10 feet thick, but consists mainly of dirty coal and car- 
bonaceous shale. In T. 8 N., R. 25 E., the outcrop of the Big Dirty 
bed swings toward the northwest from a point in sec. 14 about 1 mile 
west of Roundup. The thickness in this township, as shown by 
several measurements, is about 10 feet, but the interbedded car- 
bonaceous shale and sandstone predominate over the coal. The 
bed was next observed in the township to the south, where it out- 
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crops Dear the Elso schoolhouse. The following section was meas- 
ured at this point: 

Section of Big Dirty coal bed. near EUo tchoolhoute, in mc. 7, T. 7 N., ft. 25 E. 

reet. 

Carbonaceous shale, aandBtone, and coal fl 

Shale 2 

Oarbonaceoui^ shale, saadetone, and coal 4 

In the township to the west (T. 7 X., R. 24 E.), the Big Dirty coat 
bed outcrops on Kem Creek at two points. At the upper locaJity, 
which is about 4 miles from the last-mentioned section, it has the 
following composition : 

Section of Biff IHrty coal bed, in T.l N.,R.UE. 

Ft. In. 

Shale, bituminoUB, with streakB of coal 2 11 

t'oal 10 

Dirt 8 

Coal 6 

Shale, bituminous 5 

Coal 3 

Shale, bituminouB 1 5 

Coal 5 

Shale, bituminouB 10 

Coal i 

Hone 2 

Clay, sandy B 

Coal 3 

Total coal 2 3i 

The lower outcrop on Kem Creek about 2 miles from its mouth 
shows 2 feet of coal near the bottom of the bed. Coal taken from 
the bed at this point has been used by several lanchers with fairly 
good results, but it contains a lai^e amount of ash and slacks in a 
short time. The probability of a bed of tliie character improving 
with depth or distance back from the outcrop is too remote to 
be considered, and capital expended in its development would 
undoubtedly be wasted. 

The Carpenter coal is named from the creek on which it is mined in 
T. 9 N., R. 30 E. This bed is 450 feet stratigraphically above the 
Big Dirty coal bed. The main outcrop extends along the northern 
and eastern edges of the Bull Mountain field, and although it was not 
examined in detail, certain general statements concerning it can be 
made. 

The Carpenter coal bed has the following section at W. C. Grant's 
opening in sec. 26, T. 9 N., R. 30 E., which may be considered typical 
of the thicker portion of the bed. 
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Section of Carpenter coal on Carpenter Creeh. 

Ft. In. 

Goal, and some mineral charcoal 5 

Bon« 2 

Coai ; 1 1 

Shale li 

Coal, with BIX J-inch partinga 2 11 

Total coal 9 

It thing gradually to the west; in T. 9 N., R. 29 E., it aver^e8 
about 4 feet in thickneaa and in T. 9 N., R. 28 E., so far as could be 
observed, it is less than 2 feet thick. A closed outcrop of coal about 
2 feet 8 inches thick which may belong to this bed is exposed on 
Fishel Creek in T. 8 N,, R. 29 E., about three-fourths of a mile above 
August Schrader'a ranch. 

Bore-hole information in the vicinity of Musselshell poat-office 
shows that the bed thins toward the aouth. The thicknesa of the 
bed and its position in the section- indicate that the coal of the Fishel 
Creek locality may be safely correlated with the Carpenter coals. 
An exposure of coal which is probably an outcrop of the Carpenter ^ 
bed was seen in the northwestern part of T, 7 N., R. 31 E, At this 
point, aa the following section shows, the coal is separated into four 
benches by partings. 

Seciion of Carpenter coal bed in T.7 N.,R.S1 E. 

Ft. In. 

Coal 6 

Sandstone, bituminoua \ 

Coal , 1 2 

Shale 2± 



Sand 1 2 

Coal 1 2 

Shale 1 n 

Coal 1 7 

The partings appear to thicken toward the southwest, but no meas- 
urements were taken showing more than 2 feet of coal. The better 
portion of the Carpenter coal bed therefore appears to lie in Tps. 8 
and 9 N., Es, 29 and 30 E, Further work is necessary, however, to 
determine the exact conditions under which these beds occur in the 
northeastern portion of the field. An analysis of a sample of the 
Carpenter coal given in the table on page 75 shows a calorific value 
somewhat lower than that of the Roundup coal. 

Between the Carpenter and Roundup coal beds on Fattig Creek a 
number of thin coal beds, the Snelling, Snyder, and Spendiff (Ob, 
Oc, Od coals, PI. V), locally show sections having from I- to 3 feet of 
7471>-Bull. 38lA— 09— 5 
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coal. Iliese beds are, however, relatively unimportant and do not 
merit further discussion. 

The Roundup coal bed is about 600 feet stratigraphically above the 
Big Dirty coal bed, and at present is commercially the most important 
coal in the field, as all the active mines, namely, shafts Nos. 1 and 2 
of the Repubhc Coal Mining Company and the Commercial mine of 
the Roundup Coal Mining Company, are located upon this bed. The 
coal is at present mmed only in T. 8 N., R. 25 E. (Oa coal, PI. V), 
but an abandoned prospect formerly operated by W. C. Grant in 
T. 8 N., R. 29 E. is apparently located on the same bed. 

The westernmost outcrop of the Roundup coal near the north 
boundary of T. 7 N., R. 25 E., presents a scarcely workable section, 
but in sec. 33, T. 8 N., R. 25 E., it is thicker, as shown below: 

Section of Roundup coal bed in sec. 33, T. 8 N., R. S5 E. 

Ft In. 
Coal 2 



Coftt 1 

Shale 1 8 

Coal 1 6 

Total coal 2 8 

From this point the outcrop runs nearly due north to Musselsliell 
River, north of which for about a mile it swings to the west, and thence 
extends roughly northward (except for irregularities due to the to- 
pography) to the nose of the main BuU Mountain syncline in sec. 8, 
T. 8 N,, R. 25 E. A typical section along a portion of the bed is 
given below: 



Section of Roundup eoalbedin see. 16, T. 8 N., R. iS E. 



Coal... 



6 3 



From this locality it runs nearly southeast to the Commercial mine 
of the Roundup Coal Mining Company, where the bed is reported to 
attain a maximum thickness of 6 feet. About half a mile to the 
southeast, however, in a slope in the NW. 1 NE. i sec. 23, it contains 
only 4 feet of coal, but the thickness increases toward the southeast 
ao that in the Repubhc mine No. 1 it ranges from 5 feet 9 inches to 6 
feet 1 inch and has a rather constant roof of about 4 to 6 inches of 
bituminous shale, overlain by heavy sandstone. 

The next opportunity to examine the bed is in sec. 18, T. 8 N., 
R. 26 E., ftbout one-eighth of a mile west of J. W. Newton's ranch, 
and here, owing to the bumii^, it is impossible to make a careful 
measurement of the coal. It is at least 5 feet thick. From this point 
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tlie outcrop is projected across the flood plain of the river to an 
exposure in sec, 17, where the bed shows the following section: 

Section of Roundup coal bed in see. 17, T. 8 N., R. S6 E. 

Ft. lEI. 

Coai 3i 

Coal 3 7 

Total coal 3 lOi 

Near Berrigan Coulee the character of the section begins to change, 
a portion of the coal being replaced by carbonaceous shale. The 
amount of shale seems to increase gradually toward the east to a cer- 
tain point and then to decrease to the east fork of Parrott Creek, 
where the following section was measured: 

Section of Roundup coal bed in see. 19, T. 8 N., R. 37 E. 

Ft. In. 

Coal 3 

Shale 3 

Shi^e, carbonaceous 4 

Coal 3 3 

Total 3 6 

The coal bed at this point seems to have recovered its characteristic 
features and the coal maintains the same quaUty and thickness to 
Fattig Creek. On the west side of this stream the following section 
is exposed : 

Section of Roundup coal bed in sec. 52, T. 8 N., R. t8 E. 

Ft. in. 

Shale, carbonaceous 8 

Coal 5 

Shale 1 

Coal 1 

Shale i 

Coal : 7i 

Total coal 2 J 

From this point eastward the coal undergoes a rapid deterioration 
into shale and decreases in thickness until it measures only 1 foot 6 
inches in sec. 28, T. 8 N., R, 28 E. 

The Koundup coal ranges in quality from a high-grade subbitumi- 
nous to a low^rade bituminous, and has a calorific value of more than 
10,000 British thermal units in the air-dried sample. It is a good 
coal for steam purposes and appears to withstand shipment well if 
mined under sufficient cover. 

The Wildhorse coal is relatively unimportant in the area examined, 
although its eastern continuation from the point where the bed 
crosses the east boimdary of T. 5 N., R. 27 E. (O coal, PI. IV), was 
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mapped and numerous measurements were obtained, of which the 
following is representative of the thicker portion of the bed : 

Stctioii of Wildhorte coalbtdin tec. 18, T. 5 N., R. 28 E. {wituroeytd). 

Ft. in. 

Coal a 

Coal, with Hoch to 1-inch streaks of shale 4 

Coal 2 9 

Total coal 2 11 

On the north side of the Bull Mountains the Wildhorse bed where 
present is represented by less than 2 feet of coal. It ia possible that 
in the development of the field the Wildhorse and Roundup coal beds 
will be found to be identical, although the evidence in hand does not 
warrant that interpretation. 

The "C. A." coal is 95 feet above the Wildhorse coal bed and per- 
sistent in the southeast portion of the field. It reaches its greatest 
thickness in sec. 36, T. 6 N., R. 28 E. (Na coal, PI. IV), thinning 
both to the west and to the east. It is of poor quality, appearing on 
the outcrop to be nearer lignite than subbituminous, and is charac- 
terized by a very persistent parting, as shown in the following typical 
section : 

Section of "C. A." coalin tee. 9, T. 5 N., R. 28 E. 

Ft. in. 

Coal 6 

Shale 5 

Coal 1 61 

Total coal 2 J 

The Buckey coal occurs 60 feet above the "C. A," bed, and though 
prominent in the area examined in the previous year by Woolaey is 
of slight importance in that portion of the field mapped during 1908. 
The bed shows a workable thickneaa for a short distance along the 
western border of T. 5 N., R. 28 E. (N coal, PI. TV), but nowhere 
exceeds 2 feet 6 inches in thickness. 

Between the Buckey and the Dougherty coal the rocks are gen- 
erally barren of coal beds. The Chandler coal, 40 feet below the 
Dougherty, was found near Railroad Creek, Cow Gulch, and Fattig 
Creek. It is usually thin and of poor quality. 

The Dougherty coal is persistent throughout the area examined 
and is workable except in T. 8 N., R. 26 E. (M coal, Pis. IV and V), 
and portions of T. 7 N., Rs. 26 and 27 E. It is 510 feet strati- 
graphically above the Roundup coal, as determined by a leveled sec- 
tion near Fattig post-office and a bore-hole section in T. 7 N., R. 
26 E,, on the west fork of Parrott Creek. A typical section of the 
workable portion of the bed in sec. 17, T. 7 N., R. 26 E., in the 
northwestern part of the field shows 3 feet 8 inches of coal. 
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According to mformation gathered from the bore holes the bed 
appears to thin in the eastern part of the same township, but to the 
north the measurements on the outcrop range from 1 foot 6 inches 
to 2 feet 1 inch. In a section in T. 7 N., R. 27 E., on one of the 
forks of Parrott Creek, it again increases in thickness. 



Section of Dougherty coal in sec. t2, T. 7 N., R. B7 E. 



Coftl 2 6 

Shale 4 

Coal 2 

Total coal 2 8 

The shale parting of the above section is pereiatent and thickens 
eastward to a maximum of 9 inches. The following section is rep- 
resentative of the coal bed near the head of the dry fork of Hawk 
Creek: 

Section of Dougherty coal in >ec. 5, T. 6 N., R. 19 E. (utwurveyed). 

Ft. lo. 

Coal : 1 ^ 

Shale 2 

Shale, bitununona 5 

Coal 2 1} 

Total coal 3 7 

The sectaons to the west of this point show a gradual increase in 
the thickness of this coal until the maximum is apparently reached 
in Cow Gulch, where the following measurement was made : 

Section of Dougherty eoal bedin eec. 10, T. 6 N., R.98 E. 

Ft. In. 

Coal li 

Shale 1 

Coal 4 9 

Total coal 4 lOi 

From this point the outcrop takes a general soiithwesterly course 
and the bed is extremely variable in thickness, thinning to 1 foot 
6 inches in sec. 20, T. 6 N., R. 28 E., but in sec. 21 reaching 2 feet 
11 inches. At a point where the south fork of Railroad Creek enters 
the township it shows the following section: 

Section of Dougherty coal bed in s«c. 31, T. 6 N., R. 28 E. 

Ft. in. 

Coal, poor 1 

Coal 2 J 

Shale 1 

Coal 6i 

Shale 4 

Coal 1 



Total coal. . 
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The coal of the Dougherty bed is undoubtedly high-grade Bub- 
bituminous and appears to be one of the cleanest and most uni- 
formly thick coals of the field. A sample taken from the outcrop 
at Cow Gulch showed, after being air dried, a calorific value of 
10,771 British thermal units. The Dougherty coal generally haa an 
excellent sandstone roof and a shale floor, two valuable factors 
which, together with its quality, should lead to early development of 
this bed. 

About 60 feet above the Dougherty coal in Rs. 28 and 29 E., the 
Ostrander coal (La coal, Pis. IV and V) is persistent and, though 
commonly thin, it locally assumes a workable thickness, as shown 
in the following representative section: 

SeeHonofOttTandercoalbediTiHc.ie, T. 6 N., R.iS E.. 

Ft. in. 

Coal i 6 

Bone 2 

Coal 3 

Total coal..., *- 3 6 

The same coal in the northern part of the field, in T, 8 N., K. 
26 E., where measurements have been obtained, ranges from 1 foot 
4 inches to 3 feet. 

The Pompey coal, one of the most promising in the southwestern 
part of the Bull Mountain field, is apparently absent in the area 
covered by this report. 

In the northeastern part of T. 7 N., R. 27 E., on Parrott Creek, the 
Saddler coal bed (Ka coal, PI. V) occurs about 40 feet below the 
Mammoth bed and ranges in thickness from about 1 foot 6 inches of 
coal to a maximum of 2 feet 2 inches. In the remainder of the field 
this bed is thin except at a point almost directly north of the 
easternmost of the Three Buttes, where it shows the following section: 

Section 0/ SaddUr coal bed in sec. Sf, T.7 N.,R.t8E. 

Ft. In. 

Coal 1 6 

Shale i 

Coal 2 5 

Total coal 3 11 

The Mammoth coal bed (N coal. Pis. IV and V) is the thickest bed 
occurring in any part of the field so far examined. The portion 
mapped during the present year, combined with that given by 
Woolsey," closes the outcrop around the Bull Mountains. 

The Mammoth coal bed was examined by Eldridge,'' and while, 
in general, results similar to his were obtained by the Geological 

o Woobay, L. H., op. clt,, pp. 60-75, 

(Eldrii^, O. H., UoaUaacoalflelds: Tentb Census, lol. 15, 18S6, pp. 7l>3-TtS. 
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Survey party, yet different interpretations have been given to 
some of the facts. For example, the outcrop is shown on the 
accompanying mapa (K coai, Pis. IV and V) as extending not so far 
east as on the earlier map of Eldridge, and in the northwestern part 
of the field the coal bed now called the Rehder is undoubtedly what 
Eldridge designated as the upper bench of the Mammoth. It is 
clearly possible that Eldridge's interpretation may be correct and 
final determination must await the development of mining. The 
Mammoth coal bed is undoubtedly workable throughout the part of 
its area mapped in 1908, although a number of small partings are 
invariably present and here and there reach such a thickness that 
it is difficult to decide from the section whether portions of the same 
bed or distinct beds are represented. For example, in the excellent 
exposure at Schlaberg camp, on Fattig Creek, a parting enters and 
thickens at the rate of 3 feet in 100, and yet the same parting measures 
only 10 feet 6 inches 6 miles distant at Douglas camp, on Cow Gulch, 
where the section given below was measured: 

Sectiim of Mammolh coal bed in sec. 10, T. 6 N., R. tS E. 

, Ft. In. 

Coal 8 6 

Shale 3 

Sandstone 2 

Shale , 6 

Sandstone, gray 10 

Shale 6 

Coal 2 

Shale 1 

Coal 3 

Total coal 13 6 

This section was sampled for analysis and the upper bench gave a 
fuel value of 11,610 British thermal imits and the lower bench 10,771 
British thermal units in air-dried samples. 

The extensive burning of the coal along the outcrop of the Mam' 
moth bed, especiaCy on both sides of the divide between Parrott 
and Halfbreed creeks, makes it difficult to obtain sufficient measure- 
ments to estimate the content of the coal bed in the northwestern 
part of the field. The effect of the burning itself, however, may be 
taken as a rough indication of the thickness of the coal bed, and it 
may be safely assumed that the bed is at least 3 feet thick inside 
of the burnt zone, which ia probably not over 200 feet wide. H 

The Rehder coal bed (J coal, PI. V) occurs about 35 feet higher 
in the geologic section than the Mammoth bed, and is practically 
limited in distribution to T. 7 N., R. 26 E., and the southwest quar- 
ter of T. 7 N., R. 27 E. The outcrop is extensively burned, a fact 
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which renders it difRcult to obtain satisfactory moasurements. 
However, the foUowing is beheved to be a representative section: 

Section-o/RehdercoalbedinKc.lt, T.7 N.,R.t6E. 

Ft. In, 

Coal 3 

Bone 1 

Coal IX 

Total coal 3 11 

About 4.5 feet above the Rehder coal, or 80 feet above the Mam- 
moth coal, there is a persistent but erratic coal bed called the " Rock 
Mesa" coal (I coal, PI. IV). This bed is everywhere present in the 
southwestern portion of the field, as it is in the area examined in 
1908, and in both localities it contains persistent partings which 
within short distances are likely to attain proportions deleterious 
to the commercial value of the coal. This bed is usually covered 
by a shale roof. The following section is typical for T. 7 N., R. 26 E.: 



SfctwaofJiackMtmcmlbeiJinuc.S7, T:t N., R. 16 E. 



Coal , 1 7 

Shale 2 

Coa! 10 

Total coal ■. 2 5 

In T, 7 N., R, 27 E., the maximum observed thickness of the coal 
is 3 feet 7 inches, which occurs in sec. 20, but there are many places 
in this township where the bed contains only small amounts of coal 
or the outcrop is obscured by grassed and forested slopes. In the 
eastern part of the field the Rock Mesa coal ranges from less than 
1 foot 6 inches to a maximum of 3 feet 4 inches, but in most places 
it is less than 3 feet thick. 

On the east aide of the Three Buttes, about 50 feet above the 
Rock Mesa bed, is a coal bed which has been named the Carter doal 
(Ha coal. Pis. IV and V). This bed shows a thickness of 2 feet 8 
inches in sec. 9, T. 6 N., R. 28 E., at the head of Cow Gulch, but 
thins in both directions, and so far as known is unimportant elsewhere. 

Between the Carter coal and the Bull Mountain coals is the Matt 
coal, which attains some importance in the southwestern part of 
the field, but the measurements obtained in the area treated in this 
report were less than 1 foot, so that the bed need not be considered 
here. 

The Bull Mountain coals (F and G coals. Pis. IV and V) in gen- 
eral outline the high mesas and buttes in the south-central portion 
of the field, and occur at a distance of about ISO feet above the 
Rock Mesa coal. This interval is 85 feet less than that observed 
by Woolsey in the southwestern portion of the Bull Mountains. 
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The two Buli Mountain beds are separated by only 12 to 20 feet of 
sandstone and shale. The upper bed is usually underlain and over- 
lain by conspicuous dark-gray clay shale 20 to 30 feet thick. The 
upper bed is in most places the thicker of the two and the following 
may be taken &s an average section of both coal beds: 

Section of Bull MouTitain coait in see. 15, T. 6 JV., R. tS B. 

Ft. In. 

Coal(F) 4 5 

Shale ; 12 

Ooal(G) 2 11 

In many places one of the beds, usually the lower one, falls below 
2 feet in thickness, and here and there both beds are thin and of 
doubtful value. 

The coal-bearing area lying above the Bull Mountain coals is 
small, but comprises a number of beds (A, B, C, D coals, PI. V) 
spaced at intervals of 15 to 60 feet. Many of these beds have prob- 
ably lost a large part of their coal from burning, which baked and 
reddened the tops of the high buttes and mesas, so that thorough 
prospecting is necessary to locate the undestroyed portions. These 
hi'.'ier coal beds are relatively inaccessible and therefore unimportant 
at the present time. The names, intervals, and known relative 
importance of these coals is shown on the maps and in the columnar 
section, except a small outlier in the Three Buttes section of the 
field, which was not mapped because of its insignificant area. 

CHARACTER. 

PHYSICAL PROPERTIES. 

The coals of the Bull Mountain field are pitch black to brown black 
in color and when rubbed on unglazed porcelain leave a darkish- 
brown to black streak. They commonly show lustrous bands which 
vary in character, ranging from dull wax}' or bright submetallic on a 
fresh fracture to a dull satiny luster in the parts of the coal bearing 
mineral charcoal, or "mother coal." The waxy and bright bands 
range from less than one-eighth inch to over 1 inch in thickness. 

Joints have been observed in all the coal beds where they are well 
exposed. The joint planes are parallel to joints in the roof, many of 
which are continuations of those in the coal. The joint planes are in 
general nearly at right angles to each other and in places constitute 
well-defined face and butt cleats, so that the coal when shot <lown in 
the mine falls in roughly cubical blocks. The lumps of coal show a 
tendency to break up into smaller cubes on exposure to the atmos- 
phere. Some of the banded coal on continued exposure disintegrates 
into platy flakes, while that which lacks the banded structure resists 
the process of disintegration for a longer period, but in nearly all'cases 
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finally breaks up by checking off in small chips with conchoidal sur- 
faces. A net of pyrite or marcasite, together with their alteration 
products, and fine powdery gypsum is occasionally found along the 
joint planes. When the coal ia broken by a blow from a hammer 
conchoidal to smooth fracture surfaces are hkely to predominate over 
cleavage surfaces parallel to the joint planes. The coherence ranges 
from brittle to tough, and the impact is dull rather than metaUic. 
The texture of the coal is dense to laminated and only in a few places 
shows alight indications of a woody character. The coal is of low 
specific gravity. The accessory substances fall into several groups — 
sulphides, sulphates, and hydrocarbons. The sulphides, marcasite 
and pyrite, have already been noted. In addition to gypsum, the 
sulphate mentioned above, epsomite has been found in fairly large 
quantities in connection with some of the higher coals, especially the 
lower Bull Mountain (G) coal. With this particular coal the epsom- 
ite forms a surficial deposit attaining a maximum thickness of about 
a foot directly underlying the coal bed in sec. 8, T.S N., R. 28 E. 
Resin and sulphur are locally present in small rounded masses irregu- 
larly and sparsely scattered through the coal. The coal burns with 
a yellowish ilame of moderate length and occasionally gives off a 
strong, pungent sulphurous odor. In burning the coal decrepitates 
rapidly, and when used in locomotives the fragments blow out of the 
stack or fall between the grate bars. These difficulties have been 
overcome to a considerable extent, however, by modifying the char- 
acter of the forced draft and by using specially constructed grates. 
It is advisable to admit a rather large amount of air above the grate 
and also to distribute the coal unevenly upon the grate to prevent 
choking the process of combustion. The ash is fine, ranges from gray 
to reddish-yellow in color, and is not clinkery unless the coal ia dirty. 

CHEMICAL PROPEKTIES. 

As the examination of the Bull Mountain field was practically 
hmited to a study of the coal outcrops it was not possible to collect 
more than a few unweathered samples for analysis, owing to the lack 
of mining developments. The samples were collected in conformity, 
as nearly as possible, with the regulations of the United States Geo- 
logical Survey, and the analyses were made under the direction of F. 
M. Stanton at the Pittsbui^ laboratory. An examination of the coals 
as received from the mine shows that the moisture content ranges 
from 12.69 to 22.77 per cent, the amount of ash from 4.15 to 7.70 per 
cent {exclusive of Roundup No. 6235, a bore-hole sample whose high 
ash is due to the inclusion of rock dust), and the British thermal units 
from 8,863 to 11,034. The only strictly fresh sample (Roundup No. 
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5900) heads the list and the Carpenter sample {No. 7197) foota it. 
The last sample was taken under very thin cover, and probably rep- 
resents a weathered condition of the coal, not apparent on visual 
examination. The loss of moisture on air drying ranges from 2.70 to 
16.30 per cent, the minimum representing an unweathered facies and 
the maximum a sample taken on the outcrop of the Dougherty coal. 

Analy»ii of coat samples Jrom the Bull Mountain ^Id, Montana, 
[F. M. Btantan, cbemM In cliarge.] 
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0829. Upper 1 loot 3 Inchea of Homeetcad coal bfd, about 12 miles norUiwc 

7197. All eicept upper 9 Inchfs of Carpenter coal bed about 8 miles east of aussBisnuii posi-ouite. 
5800. Fall thl&tiess of Roundup coal bed, 8W. J NE. i sec. 23. T. 8 W., R. 25 E. 

8286. FnH thteknore (I) of Botmdup coal bed, boreiole sample, T. N,, R. 26 E, 

710B. rull tMckneaa of Roundap (f) «ial bed, about 8 miles soutb of MusselsheU post-offlce. 

0830. Pun thickness ol Dougherty i»al, NW. 1 BE. 1 see, 10, T. N., R. 28 E. 

6828. FnlieiilckneSBOflawerbeiicliofMammotbcoBlbed, SW. JNW. Isec. 10, T.ON., R.23E. 

0831. LowereteeVofupperbenchofMammothcoalbed, SW. INW. iaec. 10, T. 6N., R. 28E. 

A better comparison of the coals can be made from the analyses 
on the air-dried basis and in these the moisture ranges from 4.52 to 
10.70 per cent and the British thermal units from 10,000 to 12,116- 
As there is good reason for believing that the other coals will approxi- 
mate the Roundup coal when sampled under mine conditions, the 
Roundup may be taken as a type of the Bull Mountain coals. If 
compared with several coals from adjacent fields, on the basis of the 
data in the following table, the Roundup coal ranks well, especially 
in total carbon when considered apart from its ash and moisture. 
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Companion o/vaHau* Montana and Wyoming eoalt. 
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Bouiraup 

RwlLoto.... 



RfttlM, til dilMl. 



DEVELOPMENT. 

CoftI mi ning in the Bull Mountains is restricted to the Roundup 
bed in the northwestern part of the field, on Musselshell River and 
a fork of Halfbreed Creek. The thriving town of Roundup is an 
indication of the rapid development of the coal-mining industry. 
Early in the «ighties coal of workable thickness was known here and 
a carload was taken out by Wilham Crane and shipped to Marcus Daly 
at Anaconda, but not until 1907 was commercial mining begun. In 
the fall ol that year the Repubhc Coal Company attempted to work 
the Roundup bed by a slope extending under the Musselshell River, 
but the cover, consisting mainly of alluvium, permitted the entrance 
of great quantities of water, which rendered this plan unfeasible. 
A shaft on the south side of the river, in sec. 24, T. 8 N., R. 25 E., 
which had been originally intended for an air shaft, was enlarged 
and used as the main shaft for mine No. 1. The coal was penetrated 
at a distance of 137 feet from the surface and is mined by the room 
and pillar method. Mule haulage is used underground. The mine 
is equipped with a complete pumping, hoisting, and loading plant. 
The coal as it (;omes from the mine is clean and is used mine run, 
or stored in pocket's that feed directly into coal cars. The joints in 
the overlying rocks are charged with water, which flows into the 
new workings until exhausted. The water that thus drains into the 
mine has, however, been successfully handled by the pumps. This 
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water is of excellent quality and will probably be utilized by tbe town 
of Roundup. The production of mine No. 1 for 1908 is reported to 
have been 39,348 tons. 

During 1908 the Republic Coal Company acquired coal rights in 
section 36 of the same township and started operation on mine No, 2 
near the center of the section. The coul is reported to have been 
encountered in the main shaft at a depth of 347 feet from the surface 
on March 11, 1909, and is said to be 5 feet thick at this point. An 
extensive pumping, hoisting, and loading plant is under construc- 
tion. Mine No. 2 has been connected with the main line of the 
Chicago, Milwaukee and Puget Sound Railway by a spur up Half- 
breed Creek to the mine. 

In October, 1908, the Roundup Coal Mining Company opened in 
sec. 23, T. 8 N., R. 25 E. a commercial mine consisting of a slope 
with adequate equipment for mining, hoisting, and loading. This 
mine is connected with the main line of the Chicago, Milwaukee and 
Puget Sound Railway by a spur and is designed to supply coal for 
consumption of towns along the railway, the entire production of 
the Republic Coal Company being utihzed by the railway company. 

Local demands for coat in Roundup and other settlements along 
the Chicago, Milwaukee and Puget Sound Railway will increase as a 
result of the growth of manufacturing industries and gain in popu- 
lation. 
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THE MILK RIVER COAL FIELD, MONTANA. 



By Leon J. Pepperbero. 



INTBODTJCTtON. 

Field work. — This paper is a preliminary statement" of the results 
of a detailed survey of a part of the Milk River coal field, Montana, 
made during the summer of 1908 by the writer with the assistance of 
V. H. Barnett. The object of this survey included not only the 
geologic and economic investigation of the area but primarily the 
classification of the public lands with respect to coal. Consequently 
the work was conducted with the view of ascertaining the extent of 
the coal areas and their relations to legal land subdivisions. In 
carrying on this work the geologic data were platted upon a base of 
recent topographic maps made by the United States Geological 
Survey on a scale of approximately 1 inch to the mile with a contour 
interval of 20 feet. This base covers the entire area examined, with 
the exception of a narrow strip about 1^ miles wide along the southern 
part of T. 32 N., Ks. 15 to 21 E., inclusive. 

Previous reports. — Very little has been written concerning the 
geology or coal of this region. The most important work published 
by previous investigators is that of T. W. Stanton and J. B. Hatcher,'" 
Their report, which deals with the geology and paleontology of the 
Judith River formation, contains a review and bibliography of pub- 
lications relating to this formation in Montana and Canada. Brief 
mention of the coal of this field is made in a report by J. P. Rowe" 
and the field is referred to in several reports of the inspector of coal 
mines of the State of Montana and in the "Mineral Resources of the 
United States.-''^ 

The glacial geology of the region has been briefly discussed by 
F. H. H. Calhoun,' and papers describing the prominent features of 

a A deified leport Is DOW In the course ol prepuatloa, to be Issued as a separate bulletin ol Uie United 
States Qeoli^cal Survey. 

i Oealogy and paleontology of tbe Judltb River beds, wtth a chapter on fossil planta by F, H. Enowlton: 
Boll. U. S. Geol. Surrey, No. 267, 1905. 

eUonlana osl and lignite deposits: Bull. Univ. Uontsna No. 3T (OeoL series No. 2), 1908, pp. 39-M. 

t Mineral Reaonreea V. S. for 1W7, pt. 2, U. S. QenV Siimty, IB08, pp. 149-lSO. 

I The Uontana bbe of the Keewattn Ice sheet: Prof. Paper U. S. Geol. Survey No. M, 1906. 
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the Bearpaw Mountains with special reference to igneous rocks have 
been published by W. H. Weed and L, V. Pirsson." 

Location and extent. — ^The part of the Milk River coal field herein 
described is located in Chouteau County in north-central Montana, 
The greater portion lies in the Milk River drainage basin, but it also 
includes a strip in the extreme southwest corner which drains into 
Missouri River. The area examined embraces Tps. 32 to 34 N., 
Rs. 12 to 24 E., inclusive, along Milk River and the main line of the 
Great Northern Railway, and an irregular tract from the north 
boundary of T. 31 N. to the south boundary of T. 26 N., Rs. 10 to 
14 E., inclusive, along the Montana Central division of the Great 
Northern Railway. The area as described includes over 2,000 square 
miles, but only that part which contains coal of importance is shown 
on the accompanying map (PI. VI). 

TOPOGRAPHY AND GEOGRAPHY. 

The area under consideration is situated in the northwestern part 
of the Great Plains region. For the most part it is covered with a fair 
growth of grass and scattered patches of sagebrush. Trees are 
noticeably absent except along Milk River and its larger tributaries 
east of Havre, where cottonwood, willow, and underbrush grow close 
to tjie drainage ways. When viewed from the highlands the country 
has a rolling aspect, exliibiting no abrupt changes except where trib- 
utaries to the main river have eroded deep channels in passing from 
the higher land to the valley and where a few lava buttes south and 
southwest of Havre stand out prominently in comparison to the sur- 
rounding flat, treeless plains. In the extreme northeastern portion 
of the area the bench land has an altitude of 3,220 feet while the lowest 
point in the southeast corner is 2,320 feet above sea level. The aver- 
age elevation of the area examined is 2,600 to 2,800 feet. 

Almost the entire region under discussion is drained by Milk River, 
which enters the area in the northwest corner at an elevation of about 
2,570 feet. It flows through a narrow, steep-waUed valley in a south- 
easterly direction for about 14 miles and then makes an abrupt turn 
to the east and continues in this direction for about 24 miles. The 
course of the river from this point is almost due northeast for 4 miles, 
beyond which it flows in an east-southeast direction until it crosses 
the south boundary of the area at an elevation of 2,320 feet above 
the sea. Within the area examined Milk River flows circuitously 
about 114 miles in a distance of about 70 miles, forming numerous 
oxbows, cut-off lakes, and wide migrating meanders on its way. 
It has a fall of 230 feet, or approximately 2 feet to the mile. The 
vaUey of Milk River in the western part of the field is narrow and 

« Am, Jour. Sd.. 4[b aa., vol. 1, ISSS, pp. 2S3-301; vol. 2, ISW, pp. 183-I9». 



80 CONTHIBUTIONS TO ECONOMIC GEOLOGY, 1908, PART U. 

steep walled, some of the cliffs rising 200 feet above the water level. 
It has been pointed out by Calhoun" that Milk River now occupies 
■ the pr^lacial valley of the Missouri, which formerly flowed south of 
Havre and was joined by the preglacial Milk about 3 miles east of 
that city near Stringfellow's ranch. At this point the preglacial 
Missouri crossed the present course of Milk River in a northeasterly 
direction and the decrease in the width of the valley below String- 
fellow's ranch is conspicuous, but at Yantic Milk River reenters the 
broad valley formerly occupied by the Missouri and follows the 
preglacial channel until it leaves the area under discussion. At 
Yantic the Milk River canyon, which has had an average width of less 
than a mile, spreads Out abruptly to one 3 to 4 miles in width. The 
cliffs recede and become leas abrupt, and the stream is small in com- 
parison with the valley it occupies. 

The tributaries of Milk River are for the most part intermittent 
streams, but the drainage Ways contain local water pockets and a few 
springs which afford watering places for stock. As a rule this water 
is too alkaline for domestic purposes. The bench land is studded 
with nmnerous small intermittent lakes which occupy shallow depres- 
sions in the glacial drift. The water in these lakes, especially in the 
smaller ones, contains salts leached from the soil and is therefore 
alkaline. 

The principal towns in the area are Havre, Chinook, Harlem, and 
Big Sandy. The first three are situated along the main line of the 
Great Northern Railway, which crosses the southern half of the field 
from east to west. Big Sandy is located in the southwestern part 
of the field, oh the Montana Central division of the Great Northern 
Railway, which leaves the main ling about 4 miles west of Havre and 
runs in a southwesterly direction to Great Falls and Helena. 

GEOLOGY. 

STRATIGRAPHY. 

The sedimentarj' rocks outcropping in the part of the Milk River 
coal field under discussion consist mainly of sandstone and shale 
which belong to the Montana group of the Cretaceous system 
with the exception of a small infaulted area of Tertiary rocks about 
6i miles east of Big Sandy. These rocks are largely covered by 
glacial materials on the bench-land areas and by alluvial deposits 
in the larger valleys. In a few places they are cut by igneous intru- 
sions or covered by lava flows, 

oOp. fit,, pp. 3S-3B. 
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The following formations, which are given in ascending order, 
outcrop in this field: Eagle sandstone, Cl^^ett formation, Judith 
River formation, Bearpaw shale, and Fort Union formation. 

Stratigraphy of the Milk River coalfield, Montana. 
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UPPER CRETACEOUS ROCE8 (MONTANA GRODP), 
BAGLE SANDSTONE. 

The Eagle sandstone, which is the lowest formation in the Montana 
group, outcrops along Missouri River and several of its tributaries 
in the extreme southwestern portion of the field. The basal member 
of this formation is a massive, calcareous, white to cream-colored, 
persistent, usually hard, and locally cross-bedded sandstone about 
100 feet thick. Wherever the base of the Eagle is exposed it con- 
stitutes a horizon marker that is easily recognized. In the top 
30 feet of the sandstone are numerous concretionary hard lenses of 
sandstone, some of which are higljy stained by iron. These harder 
parts resist the effect of weathering much better than the rest of the 
sandstone and stand out as prominent knobs or cap thin rounded 
or angular spires of the underlying softer material. In places the 
entire massive stratum forms a steep cliif several miles in length 
and about 100 feet in height. 

The upper member of the Eagle sandstone, which has a thickness 
of about 150 feet, is easily separable from the lower by its marked 
lithologic and topographic differences. The sandstone strata in this 
part of the formation are thin and more friable than those in the 
lower member. Sandy shales and carbonaceous layers with streaks 
of coal predominate in the lower half, but the upper half is principally 
dark-gray shale with a few intercalated beds of gray to buff sandstone. 
The line between the two members of the Eagle is very pronounced. 
Overlying the massive white ledge of sandstone are a number of 
7470— Bull. 381.^—09 6 
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coaly beds and carbonaceous shales which give this zone a dark color. 
The upper member, being much softer than the lower member, 
weathers into long, rounded slopes. Coal beds 6 to 8 inches in thick- 
ness were observed, but the greater part of the carbonaceous matter 
consists of black shale interbedded with fine laminie of coal. 



CMOOETT FORMATION. 



The Cia^ett formation, which consists largely of dark leaden- 
gray shales intercalated with thin beds of buff sandstone near the 
top and bottom, overlies the Eagle conformably. It is very similar 
lithologically to the Bearpaw shale, from which, without the aid of 
stratigraphic or paleontologic evidence, it is often distinguished with 
difficulty. 

Gypsum flakes or crystals are scattered throughout this soft shale. 
Hard concretions of different sizes up to several feet in diameter are 
numerous, eepeciaUy near the top. The concretions are calcareous 
and are usuaUy traversed in aU directions by cracks filled with amber- 
colored calcite or gypsum crystals. Invertebrates are found in the 
shale but more often in the calcareous concretions; however, they 
are not so abundant in this formation as in the Bearpaw shale. 
(See p. 83.) No coal occurs in this formation, but some thin carbon- 
aceous shale was observed near the top. The Claggett in this field 
has an estimated thickness of 350 feet. 



The Judith River formation overlies the Claggett conformably and 
is composed of alternating light-colored beds of sandstone and shale. 
It is almost entirely a fresh-water formation but some brackish-water 
beds are included at the top in the transition zone between the Judith 
River and the marine Bearpaw shale and at the base in the transition 
firom the marine Claggett to the fresh-water Judith River formation. 
There is no persistent member in the entire formation which can be 
foUowed for any great distance. The ash-colored sandstone is locally 
cross-bedded and contains iron-stained concretionary bands. In 
some places the sandstone is hard and massive; in others it is soft 
and friable. The shales, sandstones, and coala of this formation are 
very lenticular and it is common to find a massive sandstone grading 
into a soft shale or a sandstone or shale grading into a carbonaceous 
shale or thin coal bed within a comparatively short distance hori- 
zontally. In the same manner a coal bed which consists of clean 
coal of workable thickness may pinch out altogether and be replaced 
by a sandstone at the next exposure half a mile away. A coal bed 
from 1 to 12 inches in thickness was observed in the base of the 
Judith River, but the coals of workable thickness occur within the 
upper 150 feet of the formation. 
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This formation outcrops extensively along Milk River northwest 
of Havre and near the mouth of Boxelder Creek in T. 32 N,, R, 17 E., 
where intense erosion has carved it into typical badland forms. It 
has a total thickness of about 480 feet. 

BEARPAW SHALE. 

The Bearpaw shale overlies the Judith River formation conform- 
ably and consists of dark leaden-gray shale containing thin beds of 
sandstone and large concretions, many of which are highly fossilifer- 
ous. These round and oval bodies are fissured and the cracks are 
iisually occupied by crystalline calcite. Se!enit« or gypsum flakes 
are scattered throughout the formation. 

As previously stated, the Bearpaw and Claggett are very similar 
lithologically. Both are leaden gray in color, both contain similar 
concretionary masses and thin beds of sandstone and both weather 
into long, rounded slopes and form barren patches of loose weathered 
shale. The Bearpaw, which is represented by observed outcrops 80 
to 100 feet in thickness in this field, has a known thickness of 350 to 
900 feet in other parts of Montana. 

TERTIART SYSTEM (rORT UNION FORMATION). 

Abundant foesil plants which are, according to F. H. Knowlton, 
of Port Union age, were collected in sec. 18, T. 28 N., R. 14 E., about 
6^ miles east of Big Sandy. These leaves occur above and below 
the coal beds in this district. The Fort Union outcrops in the west- 
em foothills of the Bearpaw MoimtEiins, where it covers only a small 
area. From the few outcrops noted it was impossible to determine 
which part of the formation is present in this field, but it may pos- 
sibly correspond to the upper yellow beds of the formation as de- 
veloped in northeastern Montana and northwestern North Dakota. 

Lithologically the Fort Union is notably different from the Judith 
River formation; it consists largely of massive strata of gray to buff 
sandstone, which are very persistent, and of thin beds of gray shale. 
These strata contain several beds of good coal which are discussed 
elsewhere in this ]>aper. The position of tliis formation in the geo- 
logic column is several hundred feet above the Cretaceous formations 
already described, and its occurrence in this district is due to a fault 
having an estimated throw of about 2,000 feet. 

GLACIAL AND ALLUVIAL DEPOSITS. 

Among the features which should be fully described in any com- 
plete account of the region are several types of glacial and alluvial 
deposits, such as ground and recessional moraines, kames, eskers, 
drift, till, and river and lake deposits, which cover the greater part 
of the area. These features of recent glaciation and erosion can be 
only mentioned here. 
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IGNEOUS ROCKS. 

In the area under consideration igneous rocks are comparatively 
rare, but a few prominent buttes are present in the vicinity of Havre 
and in the southwestern part of the field. The igneoiis rocks, which 
are of post-Eocene age, include both extnisive and intrusive types 
and have had little or no effect on the coal. 

STRUCTDRE. 

As the area is largely covered by glacial and alluvial deposits and 
continuous exposures for great distances are lacking, the structure 
is very obscure. Except in a few places where the glacial cover is 
extremely thin, the only outcrops present in the field are along the 
lines of drainage where erosion has removed the glacial mantle. At 
these places the sedimentary rocks outcrop in small patches or long, 
narrow strips on either side of the coulees and along well-drained 
slopes. These rocks, which were originally approximately hori- 
zontal, have been subsequently disturbed by numerous faults and 
folds, which make the working out of the stratigraphy rather diflS- 
cult. A vivid idea of the abundance of these disturbances is given 
by Hayden," as follows: 

The most remajkablo featuie of tliia bafiin ia the wonderful disturbance of the 
atrata. So much are the beda diaturbed and blended together by forces acting from 
beneath that it seema almost hopeleaa to nbtain a aection ahowing witii perfect accu- 
racy the order of superposition of the different strata. 

The faults of the Milk Kiver field are too numerous to be described 
individually. They are in general closely associated with folds and 
for the most part are of the thrust type, although a few normal or 
tension faults were observed. The faulting is best developed in the 
regions where the folding has been greatest. The laiger thrust faults 
were probably developed at about the same time as the folds with 
which they are associated, and with one or two exceptions they are 
in a general way ])arallel to the axis of the Bearpaw Mountains. 

The disturbances mentioned have caused lateral and vertical 
offsets of the coal beds, in many places tilting them to high angles. 

THE COAL. 

GENERAL STATEBIENT. 

All the coals in the Milk River field, so far as studied, may be 
classed as a fair grade of subbituminous coal {"black lignite"). 
Most of the coal beds are lenticular in shape, showing a variation 
in thickness from a fraction of an inch to 9 feet at different points 

oHayden, F. V., Fioc. Acad. Nat. Scl. Philadelphia, 18fi7. p. llS. 
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on the outcrop. These beds are noticeably thinner and of a lower 
grade in the eastern part of the field than in the western part, so 
that beds of considerable thickness and good quahty in the vicinity 
of Havre contain littlo or no coal near Harlem. Generally there is 
one bed, in some localities two, and in others four beds, all of work- 
able thickness. The greater part of the coal of workable thickness 
occurs in the upper part of the Judith River formation (Upper 
Cretaceous), from 10 to 150 feet below the base of the Bearpaw 
shale, the only exception being the coal east- of Big Sandy, which is 
of Fort Union (Tertiary) age. 

On account of the small number of mines and prospects in the area 
it was necessary to study the coal lately from the weathered out^ 
crops of the beds and from the data thus obtained to infer the char- 
acter of the coal. The method employed in pursuing this study 
may be outUned briefly as follows. A careful search was made in 
coul6es and ravines over the whole area for outcrops of coal beds. 
All coals thus found were traced by foot traverse until they pinched 
out, were covered by glacial or alluvial material, or were cut out by 
faults. All mines and prospects visited and all coal outcrops trav- 
ersed were platted upon a topographic base prepared by the United 
States Geological Survey and all the coal beds were measured. 
Samples for chemical analysis were taken from the principal beds 
at the mines and prospects throughout the area. The examination 
showed that the topographic maps were well tied to the land sur- 
veys, and the section comers were so well marked that no difficulty 
was experienced in locating a corner when it was desired to tie a 
coal crop or prospect to a known point. The extensive glacial and 
alluvial covering in this field or the slumping of talus obscures the 
outcrop of coal over large areas, making the continuous tracing of 
coal beds or formation boundaries impossible. 

In many places the coal beds and carbonaceous shale have been 
burned along the outcrop and the adjacent rocks have been baked 
to a red material resembling brick or tile. Prospects driven through 
the burned areas where the covering is from 20 to 50 feet thick 
demonstrated that it extends from 30 to 70 feet from the present 
outcrop of the hardened clinker and ash, and that the good coal 
bed continues behind the burned crops. The map (PI. VI) shows 
the location of the coal zone, mines, and prospects with relation to 
the section comers, and such other geologic data relating to the coal 
as the scale of publication permits. 

DETAILED DESCEUPTIOHS. 

For convenience the parts of the Milk River coal field with which 
the present report is concerned will be discussed as separate units 
termed the Havre, Chinook, Harlem, and Big Sandy districts. The 
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boundaries of these districts have been arbitrarily chosen with refer- 
ence only to the towns near which the greatest amount of mining 
is bein^ carried on and from whicli coal shipments can be made. 

HAVRE BISTRICT. 

The Havre district is the best known in the Milk River field, on 
account of the local demand for the fuel and the fact that the largest 
coal mine in the area is located within its borders. This district 
as here treated embraces all of Tps. 32 to 34 N., Rs. 14 to 17 E., 
inclusive, and the northern tier of sections of T. 31 N., R. 17 E. 
Future work in this field will extend the boundaries of the Havre 
district both to the north and south of the area herein described. 
The coal of the district is aa accessible as any other in the region 
and is easily reached by wagon roads which traverse the area in all 
directions. The sections given in the following pages show the 
thickness and contents of a few of the principal coal beds exposed 
at various localities throughout the field. 

Locality 1:" The following section was measured in a prospect 
opened by Mr. Cowen in 1898 and worked during the winter of 1907 
by Mr. Schean : 

SeHianofcoal bedin prospect in SE. \ NE. J gee. nS. T. SS N., R. H E. {No. I). 

Ft, In. 

Shale, carbonaceous 2 3 

Coal 3 

Bone and clay 1 5 

Coal 4 

Bone 3 

Total coal 3 4 

This bed was sampled at the breast of the workings about 75 feet 
from the mouth of the entry, where the coal showed little or no 
effect of slacking. The mam coal has a bright black luster, is solid, 
and has a semiconchoidal fracture. On exposure to the air it loses 
moisture rapidly and checks or disintegi'ates into small irregular 
bits. The prospect ia located about 30 feet southeast of a small 
fault which cuts the coal out to the northwest. Another small fault 
about 60 feet southeast of the opening limits the outcrop of the bed 
in that direction. 

At the head of Supenau Coulee, in sec. 1, T. 33 N , R. 14 E., the 
coal zone of the Judith River formation is again exposed. Here 
the beds have a low dip to the northeast, which shows that the area 
to the north is underlain by the coal bed, while that south of the 
coal crop in the northern part of sec. 12, T. 33 N., R. 14 E., is prob- 
ably not underlain by coal. On account of poor exposures no 
measurements were made of the coal at this place. 



n Niunbera like this wrrespoDd u 



"I'^v^.,„|,, Google 



MILE BIVEE COAL FIELD, MONTANA. 87 

Locality 2: The, following section was measured on the south 
side of Redrock Coulee, where a bed of coal which lies almost flat 
aud under thin cover outcrops for a short distance. This coal is 
badly weathered but shows good cubical joints, indicating that it 
would probably prove to be of good quality. Redrock Coulee derives 
its name from the red rocks along the burned coal crops in T. 33 N., 
R. 17 E. 

Seclirm of Tockg exposed in SE. i gee. 10, T. S4 A'., R. 15 E. (No. f). 

n. In. 

GlEicial deponits 17 

Shale, carbonaceous 2 

Coal 2 6 

locality 3: The following section was measured near an aban- 
doned prospect in sec. 7, T. 33 N., R. 15 E. The bed dips slightly 
to the northeast and probably underlies the greater part of the area 
between this point and locality 2. 

Section of coal in SE. \ »ec. 7, T. 33 N., R. 16 E. {No. 3). 

Ft. In. 

Glacial drift 10 

Coal 1 4 

Shale, carbonaceouB 1 

Coal 1 6 

Bone 8 

Bone with coaly streaks 2 fi 

Total coal 2 10 

Locahty 4 : The character of the bed in the southeastern part of 
T. 33 N,, E, 15 E., is represented in the following section, which 
was measured at an abandoned prospect in sec. 25 : 

SeiMon.oJixalbcdat'pTOipa^in NW. \ sec. 25, T.SSN., R. JS E. (No. 4). 

Shale, carbonaceouB. Ft. in. 

Bone , 1 6 

Shale, carbonaceous 3 

Coal, clean 3 

Bone 3 

Shale, soft gray 5 

Coal, rather bony 1 4 

Total coal 4 4 

This zone continues in a southeast direction under the glacial 
drift and is next exposed in sec. 31, T. 33 N., R, 16 E., south of the 
Havre Fuel Company's mine. It will be described under locality 8. 

Locahty 5: The following section was measured in a prospect 
located in the southwestern part of T. 33 N., R. 16 E., where the coal 
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outcrops south of a thrust fault. This prospect, which was opened 
by H. Barrott, is worked by the room and pillar method. The 
main entry is about 250 feet long and follows the dip of the bed, 
which is about 8° NE. at this place. 

Stdion at BarroU't proiped in SW. i sue. S9, T. SS JV., R. IS E. {No. 5). 

Cl»y, shaly. Ft. in. 

Shale, carbonsceoue 2 6 

Coal 8 

Bone 4 

Shale, carbonaceous 4 

Coal 2 

Bone 7 

Coal 3 3 

Total coal 4 1 

The sample of coal which was taken from the 3-foot 3-incfa bench 
of the above bed gave a calorific value of 8,944 British thermal units 
in the air-dried state. 

LocaUty 6: The coal zone of the Judith River formation outcrops 
at various places in the bed of Coal Creek in the northern tier of 
sections of T. 33 N., R. 16 E. Here the beds, which dip about 3° 
NE., he tmder very little cover and are badly weathered along the 
outcrop. The best exposure is at locality 6, in the SE. } sec. 2, on 
the south bank of the creek. The following section represents the 
character of strata exposed at this point : 

Section qfrock» exposed in SB. i ttc. i, T. SS N., R. 16 E. {No. 6). 

Ft. In. 

Glacial drift 4 

Sandstone, clayey soft 3 

Shale, caTbonaceouB 2 

Shale, sandy, carbonaceous 3 6 

Coal 6 

Bone 7 

Coal 1 9 

Clay, aandy, white 2 

Coal 1 6 

Shale, Bandy, carbonaceoua 1 8 

Shale, drab 5 

Coal 11 

Coal 1 2 

Bone, with coaly streaks 1 9 

Coal 11 

Bone 5 

Shale, black, carbonaceous. 

Total coal 6 8 

L-.,a,t,zeci by Google 
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Although the coal is badly weathered, it has well-developed 
cubical joints even at the surface, and by very little digging fresh 
coal of bright luster was uncovered, indicating that good coal exists 
within easy reach of the surface or within a short distance from the 
present outcrop. The coat extends beneath the glacial drift to the 
south, where it outcrops along the north side of a small coulee in 
sees. 28 and 29, T. 33 N., R. 16 E. At this place the coal contains 
numerous partings of bone and lies nearly flat under thin cover. 
Prospects have been driven at the head of the coulee in the N. J 
sec. 29, where the thickest bed contains three benches of coal 14, 16, 
and 17 inches thick, separated by 6 and 8 inches of bone. It is 
reported that these prospects were abandoned on account of the 
large amount of bone which could not be economically separated 
from the coal. From this point the bed swings to the southeast and 
then to the west aroimd the head of a coul6e at the Alcott and 
Gussenhoven prospects. 

Locality 7: The following section down the slope of the Alcott 
prospect shows the coal content of the beds measured: 

Section down the ihpe of the AlmU proipecl in NW. \ SW. \ ste. t9. T. S3 N., R^ 
(JVo.9 
Glacial drift. 
Shale, carbonaceoua 

Coal-.- 

Shale, carbonaceous.,. 

Shale, Bandy 

Shale, brown, carbonaceoua^^^*^'. IJ 

Shale, black, carbonaceoua } 

Bone, with coaly layers 4 

Coal 10 

Shale, with^in coaly layers 7 

Shale, gi^ 3 

Shale, gMbonaceous 3 

Cek\ 1 2 

Bone, with thin coaly layers 2 

Sha'e, carbonaceouB 5j 

Clay, ash-colored 2 10 

Shale, carbonaceous 3 

Coal, with thin bone seams .5 

Coal ...'.!.."!!..'... 6 

, Bone Ij 

^ Coal g 

I Bone 10 

Coal 2 2i 

Bone, with thin coaly layers 1 2 

^ Clay 4 

Bone ^.... 4j 

\ Bone, with thin coaly layers 10 

/ Total coal -ftOii'^Ic 
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The lower 5} feet of the above section is being worked in this 
prospect. The 2-foot 2J-incli bench is clean coal of bright luster, 
with well-developed cubical joints and a calorific value of 9,729 
British thermal units on the air-dried sample. The area between 
the Alcott prospect and the Havre Fuel Company's mine is underlain 
by this bed. 

Locality 8: The following sections were measured at different 
points in the workings of the Havre Fuel Company's mine in the 
NW. i sec. 31, T. 33 N., R. 16 E., and show the variations in the 
same bed within a comparatively short distance: 

Section! oj coal bed in Havre Fuel Company't mine, NW. i tee. 31, T. S3 N., R. 16 B. 

(No. 8). 

Ft. In. 

Roof, coal 1± 

Coal 9 

Coal 1 5 

Bone 2 

Coal 11 

Bone 10 

Coal 8-10 

r, abale, black, carbonaceous. 

Ti.-£(Jcoal 4 9 to 4 11 

Ft. In. 

Roof, Bhale, with thin coaly layers 1 4 

Bone TT-ri-v- 2 

Coal .:,^ 9 

Bone, with thin coaly layers ".."%.^. JO 

Bone .^..^ 6 

Coal >^ 2 6 

Bone \ 6 

Coal - - .\... 4-^ 

Floor, abale, carbonaceoua. V 

Total coa! 



7fcc 3 
show t 



A number of other sections measured in this mine show: the coal 
and bone to be variable throughout the workings. In seveiml places 
the bed consists almost entirely of bone with thin seams ofVoal; in 
others the clean coal predominates and is from 25 to 34 inchek thick. 
The mine is the lai^est in the Milk River field, having underground 
workings about 2 miles long, as shown on the mine maps of 'jthe 
company. The mine workings lie under about 72 feet of cover, rand 
according to information received from the foreman there are ftwo 
coal beds above the one that is now being worked; one, about y^ 
feet above the workings, has a thickness of 2 to 24 feet, and thfe, 
other, about 25 feet above the workings, has a thickness of 8 to Iv 
inches. Both beds probably contain bony and shaly streaks. /' 
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From the data given under localities 2, 3, 4, 6, 7, and 8 it is eviden t 
that the area between tbese points is probably underlain by beds of 
coal, some of which are possibly of workable thickness and fair 
quality. 

Locality 9: The dip of the coal bed in the prospect where the fol- 
lowing section was measured is about 10° S. 40° W. This high dip is 
due to several small faults in the immediate vicinity. 

Sectiono/eoalbedinapTotpectintheSW.itec.29. T.SS N., R. 16 E. (No. 9). 
Roof, shale, gray. Ft. In. 

Coal 1 10 

Bone, with coaly streaks 2 i 

Coal 2 2 

Floor shale. 

Total coal 4 

Locality 10: The following section was measured in an abandoned 

prospect northwest of Brown's prospect, in sec. 21, T. 32 N., R. 17 E, 

Section of coal bedin old prospect in the SE.i NE.\»tc.tl, T. 32 N.,R. 17 B. (No. 10). 

Shale, bufi, sandy.. Ft. in. 

Coal, clean 1 2 

Bone 3 

Coal, dean 3 4 

Bone 2 

Coal, dean 5 

Total coal 4 11 

At one place in this prospect 45 inches of clean coal was measured- 
At the Brown prospect, less than one-quarter mile southeast of locality 
10, this bed of coal contains numerous partings of bone, showing that 
the coal is not persistently clean for even short distances along the 
outcrop. 

Coal belonging to the same zone outcrops at various places along 
Boxelder Creek and at the heads of coulfes in sees. 1, 9, 10, and 11, T. 
32 N., R. 17 E. The section of the bed is, however, very changeable. 
The beds in the northern part of the township are thinner and con- 
tain more partings of bone than those at locality 10, and the same 
may be said of the area southeast of the point where the section was 
measured. 

Locality 1 1 : The following section was measure<l in the Clack pros- 
pect, in the NE. } sec. 5, T. 31 N., R. 17 E. 

Section of coal bed in Clack proipect, NE. i uc. 5. T. -ii -V., R. J7 E. (No. 11). 

Ft. in. 

Roof, coal 1± 

Coal 2 8 

Coal 1 6 

Floor, bone. —r: . 

Total coal ...„>,, Lt4_H_^Ic 
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In working the above bed the 1-foot bone is mined out, then the coal 
is loosened by firing shots first in the bottom and then in the top bench 
of coal. In this way lai^e lumps are obtained. The coal is of good 
quality and represents the same zone as that exposed in the Staton 
mine about 1 mile east of this point. 

Locality 12: The following section measured in the Staton mine 
shows the character of the bed, which probably underlies the larger 
part of the southern tier of sections in T. 32 N., R. 17 E., and the two 
northern tiera of sections in T. 31 N., R. 17 E, 

Section of Stolen coal bed in NE. i lec. i, T. 31 N., R. 17 E. (No. Jt). 

Ft. In. 

Boof, coal 1± 

Coal 3 1 

Bone 10 

Coal 1 lOi 

Total coal 4 Hi 

The coal zone outcropping in Tps. 33 and 34 N., R. 17 E., consists of 
very poor carbonaceous shale and bone containing many thin, coaly 
layers. In several places this bituminous shale and bone has burned 
along the outcrop. No coals of notable thickness were observed in 
this part of the field. 

CHINOOK DISTRICT. 

The Chinook district joins the Havre district on the east and 
embraces Tps. 32 to 34 N., Rs. 18 to 20 E., inclusive. Only a part of 
the district has been examined, and further field work will extend the 
boundaries to the north and south. The coal is easily reached by 
wf^on roads leading in all directions across the bench land from the 
towns and ranches. 

Locality 13 : The following section was measured on the West Fork 
of Milk River, 1 mile northwest of Reser's ranch. 

Section in the NW. iSW.iaec.g, T. Si N., R. 18E.(No. IS). 

Shale, brown, carbonaceouB. Ft. lo. 

Coal, with thin, bony layers 3 6 

Shale, brown, carbonaceoua 1 4 

Bone, with thin, coaly layers 2 8 

Coal 3 

Bone, with thin, coaly layers 1 5 

Covered. 

Total coal 3 9 

This bed is exposed on the north side of West Fork of Milk River 
south of a fault line. The dip at the outcrop is about 60° S., decreas- 
ing rapidly away from the disturbed zone. The Judith River forma^ 
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tion is overlain by the Bearpaw shale south of the outcrop, giving the 
coal a good cover. That the eastern part of T. 34 N., R. 18 E., is 
underlain by workable beds is indicated by outcrops of the Bearpaw 
shale, which overlies coal at localities 13 and 14. In the southern 
part of the township the coal is not well developed. Here the beds 
resemble those in T. 33 N., E. 17 E., of the Havre district and consist 
mostly of carbonaceous shale and bone with thin coal seams. 

Locality 14: The following section shows the character of the coal 
exposed in the McLelland prospect: 

SecHon al the McLelland prospect. NW. } sec. IS, T. SS N., R. IS E. {No. 14). 

Ft. In. 

Boae, with thin coal lenses 1 

Coal, with thin, bony streaks 2 4 

Coal ;. 6 

Total coal , about 2 10 

From the McLelland prospect the coal is traceable southeastward 
for about 1^ miles, to a point where it again disappears beneath the 
glacial drift. 

The greater part of T. 33 N., R. 18 E., is occupied by valley wash, 
and as the coal-bearing formation has been eroded tlie land is impoi^ 
tant only for agricultural purposes. In the northwestern part of T. 32 
N"., R. 18 E., the coal zone outcrops along a coulee, but no beds of 
importance were observed. The zone is again exposed along Clear 
Creek in the same township. The thickest coal measured along this 
creek is 2 feet 8 inches thick. 

Locality 15: The following section was measured at the Bums 

prospect, about a mile east of Clear Creek, and shows the character of 

the coal which probably underlies the area between the two places. 

Sectwa at Bums prospect, NW. 1 sec. 11, T. S2 N., R. 18 B. (JVo. 15). 

Glacial drift. Ft. in. 

Shale, carbonaceous 1 

Coal 4 

Shale, Bandy, carbonaceous 3 

Shale, carbonaceous 3 6 

Bone 4 

Coal 3 

Total coal 3 4 

The structure in T. 34 N., R. 19 E., is complicated by numerous 
faults, large and small, and as the coal crops can not be traced for any 
great distance, the sections given represent purely local conditions. 
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However, it is reasonable to suppose that wherever the Bearpaw out- 
crops in this township the area is underlain by workable beds similar 
to those given under locaUties 16 and 17. 

Locality 16: The following section was measured on the south 
bank of the West Fork of Milk River at the Leabo prospect, in sec. 2S, 
T.34N.,R. IflE. 

Sectional Leabo progpecl, SW. ime. X9, T. S4 N., R. 19 E. (No. 16). 

Ft. in. 

Glacial drift 10 

Shale, carbonaceous 3 

Coal, rather bony 1 6 

Shale, carbonaceous 1 4 

Shale, sandy 9 

Shale and thiD sandstone 16 

Coal, rather bony 3 6 

Clay, sandy 5 

Coal 8 

Coal, same as in Leabo prospect 3 4 

Coveted 10 

Coal exposed in bed of West Fork, partly covered by water. . 4 

Total coal about 13 

The outcrop of this coal bed continues southeastward and then 
westward beneath the glacial cover and connects with the bed 
exposed at the ^Dlk River Coal Company's mine (locality 18), 

Iiocality 17: The character of the coal underlying the eastern half 
of T. 34 N., R. 19 E., is shown in the following section: 

Sectwn ofroehs near center of tec. ts, T. S4 N., R. 19 E. (JVo. 17). 

Ft. Id. 

Glacial drift 6 

Shale, carbonaceous 1 

Coal 3± 

Shale, carbonaceous 2 

Coal 3± 

Shale 6 

Shale with coaly bands 7 

Clay, sandy. 2 

Shale, carbonaceous 2 

Coal with thin bony streaks 1 3 

Shale, carbonaceous 2 

Covered. 

Total coal 7 3± 
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Locality 18: The following section measured in the Milk River 
Coal Company's mine shows the character of the bed worked at this 
place. Besides the bed worked by the company there are two beds 
containing from 2^ to 4 feet of coal and bone in the same locality. 
The bone content is variable. 

Section of coat bed in Mtk River Coal Company's mine, NW. \ NW. \ser. 18, T. SS N., 

R.19 E.(No. IS). 

Bone, with ccal streaks: Ft. In. 

Coal 1 

Clay 2 

Coal 1 7 

Bone ' 1 2 

Coalo 2 6 

Shale, carbonaceous. 

Total coal 5 1 

The coal outcropping in the northeast quarter of T. 33 N., R. 19 E,, 
has been disturbed by faults. In many places it has burned out. 
No good exposures were discovered , but there are probably coal beds 
from 2 to 3 feet thick. 

liocality 19: The following section measured at the Tumbler pros- 
pect shows the character of the coal outcropping in T. 33 N., R. 19 E. 
The beds in this township have been distorted in many places by 
faults, consequently it is impossible to trace a single bed for any 
great distance, even where the rocks are well exposed. 

Section of coal bedinthe Tumbler prospect, NW. J NW. i sec. 31, T. 3i N., R. 19 E. 
(No. 19). 

Ft, In. 

Goal 1 , 2 4 

Bone li 

Coal Ti 

Coal'. 2 

Total coal 4 Hi 

The coal beds outcropping in T. 34 N., R. 20 E., are unimportant 
and may be dismissed without further comment. It should be borne 
in mind, however, that workable beds, which do not outcrop within 
the township, may underlie it. 

Locality 20: In the NE. i SW, i sec. 10, T. 33 N., R. 20 E., a coal 
bed is brought to the surface by a fault which has a northwest- 
southeast trend. A small prospect known as the Matheson mine is 
located on this coal on the west side of Coal Coulee southwest of the 
fault line. The following section was measured at the mouth of this 
prospect. 

aThia bench has b«n UDlntent(anBll; omitted in the graphtc section (No. 18, PI. VI) 

.oosic 
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Stetion at Mathtton protptet, NE. \ 8W. J uc. 10, T. 33 N., R. SO E. {No. SO). 

Ft. in. 

Coal 1 2 

Shale, carbonaceous 4 

Shale, sandy carbonaceous 1 2 

Coal 2 

Coal I 

Bone 6 

Clay, sandy 1 

Coal 1 



Shale, carbonaceous 2 

Total coal 5 2 ■ 

This is the only important bed which outcrops in the township. 
The coal bed mapped in the southern part of the township consists 
of carbonaceous shale and a thin bed of dirty coal 1 to 1^ feet in 
thickness. 

A dirty bed of coal coresponding to the one just described, but 
having a thickness of about 2 feet 9 inches, outcrops in the eastern 
part of T. 32 N., R. 20 E. This bed contains little clean coal, but 
consists of alternating layers of bone, carbonaceous shale and mineral 
charcoal, and thin coaly layers. The cover is thin, and the bed is 
badly weathered along the outcrop. 

Locality 21: The Judith River formation outcrops in the south- 
western part of T. 32 N., R. 20 E., and is overlain by the Bearpaw 
shale. The strata show evidence of faults. The only coal of impor- 
tance within the township outcrops along the Sixmile Coulee. The 
following section measured in the Kerr mine shows the character of 
this bed: 

Section in Kmr' a miru.NW.iSW. i sec. SO, T. S2 N., R. SO E. (No. U). 

Ft. In. 

Roof, shale, black, carbonaceous. 

Coal--: 6 

Coal, bony 5 

Coal, good 2 5 

Floor, bone. 

Total coal 2 11 

From the foregoing discussion it is evident that the coal zone, 
which contains good workable coals in the Havre district and the 
western two-thirds of the Chinook district, becomes poorer as a 
source of thick coals toward the east. The beds in the eastern part 
of the Chinook district are thinner, contain more bone, and are less 
persistent than those in the western part of the area discussed. 
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HAKLBM DISTRICT. 

The Harlem district is the least important in the part of the Milk 
River field under consideration. It joins the Cliinook district on the 
east and embraces Tps. 32 to 34 N., Rs. 21 to 23 E,, inclusive. As in 
the Havre and Chinook districts, only a part of the Harlem district 
was examined during the summer of 1908, and future field work will 
extend the boundaries to the north and south of the area described 
here. The coals gradually become thinner and of poorer quality 
from west to east in this district, and with few exceptions the beds 
consist largely of bony coal under thin cover and consequently of 
low value as a fuel. Owing to the scarcity of wood in the district it 
has been necessary to work beds of coal which, in other localities, 
would be considered almost worthless at the present time. The coal 
in the area is easily accessible by w^on roads from Harlem and the 
ranches in the district. 

The thickest coal observed in T. 34 N., R. 21 E., is only 8 inches 
thick, consequently the coals outcropping in this township may be 
dismissed without further comment. 

Locahty 22; At a small prospect in the NE. I sec. 26, T. 33 N., 
R. 21 E., the following section was measured. The bed at this 
locality has a dip of 40° N. 60° E., due to a northwest-southeast 
fault. 

Section of coal bed at prospect in NE. i sec. t$, T. SS N., R. tl E. (No. it). 



Shale, brown carbonaceoua 4 

Coal, with numerouB partings of sandetone and bone 3 6 

Shale, carbona^eouB with thin coaly layers. 

The coal of the above bed is pockety; in some places the clean 
coal is over a foot in thickness but only for short distances, making 
it necessary to remove large quantities of rock to procure a small 
amount of good coal. 

Locahty 23: The following section measured in unsurveyed sec. 9, 
T. 33 N., R. 22 E., at an abandoned prospect, shows the character 
of the coal along Thirtymile Creek: 

Section at -prospect in SW. i sec. 9, T. SS N., R. S2 E. (No. 2S). 

Ft. hi. 

Bearpaw shale 68± 

Sandstone, soft, gray 20 

Shale 10 

Shale, sandy 3± 

Coal 1 1 

Bone 5J 

Coal 1 

Totalcoal ' 2 1 

7470— Bull. 3814—09 7 ' ''^^"i- '^^'^'^^'*- 
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A sample taken from this bed gave a calorific value of S,568 British 
thermal units on the air-dried conl, showing that the fuel is of low 
grade. However, part of this low eliiciency is due to the large amount 
of ash caused by the numerous bony layers in the bed. 

The strata exposed along Thirtymile Creek have been disturbed 
by faults, making mining on the east side rather uncertain. The 
dips on the west side are more constant and the coal is under thicker 
Cover, being overlain by the Bearpaw shale. 

A coal bed containing many partings and having a thickness of 
about 2 feet 9 inches has been prospected in the NW. J sec, 27, T. 33 N., 
R. 22 E., and a bed of similar content was worked in the SE. { sec. 30, - 
T. 32 N., R. 22 E., during the winter of 1907-8. Coal from the last- 
named prospect sold for S7.50 a ton deUvered at Harlem, a distance 
of about S miles. From this statement it is evident that these low- 
grade coals have some value at the present time, especially during 
severe winters. 

BIG SANDY DI8TEICT. 

The sketch map (fig. 2) shows the location of the two principal 
mines in the Big Sandy district. They are situated in sec. 18, 
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T. 28 N., R. 14 E., about 6J miles east by a Uttle north of the town 
of Big Sandy, and are easily reached by wagon road from the town 
and ranches in the vicinity. These mines were vbited at the close 
of the field season of 1908, when the coal beds were measured and 
sampled. As no detailed mapping of formations of coal beds was 
attempted at that time, the boundaries of the district were not 
determined. As previously stated, the coals of this area are of Fori; 
Union (Tertiary) age and consequently are younger than those of the 
Judith River formation already described, which they overhe strati- 
graphically. 
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The following section shows the character of the beds exposed at 
the Mackton Coal Company's mine: 
Section at tU UodtUm Coal Ctm.pany'i mine, NW. \SW.\iee. 18, T. U N., R. 14M. 
Saudfitone. rt. Id. 

Shale, gandjr 2 

Coal 4 

Sandstone, bu&, maseive, intercalated with sandy gray ahale. 35± 

Shale, carbonaceouB 1 

Coal 2 54 

Bone, variable 2 

Coal 1 3 

Coal 6 

Coal 3 11 

Clay, gray. 

Total coal 12 H 

The following section waa measured in the NW. i SE. J sec. 18, T. 28 
N., R. 14 E,, in the Mack mine. The bed is probably the same as the 
upper bed given in the preceding section. 

SteiionofeoalbtdinMaeimirM.lfW. iSE. Jkc. 18, T. 28 N., R. HE. 

Ft. In. 

Clay shale, gray 1 8 

Shale, carbonaceous 2 

Bone, variable 4 

Coal 5 

Bone with thin coaly streake 2 A 

Coal 4 6 

Clay. 

Total coal 4 11 

At the*Ma«kton Coal Company's mine the strata dip about 40° E., 
indicating a north-south fault between this place and the Mack mine, 
where the strata lie practically flat. In the NE.i sec. 18, T. 28 N., 
R. 14 E., a coal bed outcrops along a coulee and has been prospected 
in several places. The strata at this place also show evidence of 
faults. The Judith River formation in the vicinity of Big Sandy 
contains several very thin coals, but no bed of workable thickness 
was observed in this formation within the Big Sandy district. 

CHARACTER OF THE COAL. 
PHYSICAL PROPBETIES. 

In studying the coals of the Milk River field an attempt was made 
to gather as many facts as possible concerning their physical properties, 
and the principal characteristics observed may be briefly summed up. 
The coal of the Havre, Chinook, and Harlem districts is in general 
pitch black to brownish black in color, the streak is dark brown, the 
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luster bright and sometimes waxy. Two systems of joints are usually 
present and the coal commonly splits also along the bedding planes. 
The fracture of the solid coal is semiconchoidal or irregular. Fresh 
samples are usually brittle, but sometimes tough. The texture varies 
from dense to woody. Thin incrustations of gypsum flakes in the 
form of selenite crystals occur between the joint and bedding planes, 
especially on the weathered outcrop. Some mineral charcoal, foasU 
resin, and, rarely, iron pyrites were observed. 

The coal of the Big Sandy district is hard and brittle. Its fracture 
is principally conchoidal. It has a bright black luster and two 
systems of joint planes, one of which is better developed than the 
other. These beds are more regular than the other coals of the 
Milk River field; that is, in the small area examined the sandstone, 
shale, and coal beds seem in general to be persistent rather than 
lenticular. 

CHEMICAL CUABACTEB. 

The composition of the coal of the Milk River field is shown by the 
following analyses: The samples from which these analyses were 
made were collected in conformity with the regulations of the United 
States Geological Survey and the chemical work was done under the 
direction of F. M. Stanton at the Pittsburg laboratory. 

AttalyKt (^ coal »ample» from the Milk River field, Montana. 
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Analytes of coal samples from the Milk River field, Montana — Continued. 
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A study of the analyses of coals from the Havre, Chinook, and 
Harlem districts shows that the Judith River coals of this field are 
comparatively low in sulphur and high in moisture and ash, though 
in some samples the amount of ash is only mediunl. The heating 
value of these coals, ranging from 8,568 to 10,359 British thermal 
units on air-dried samples, and their poor keeping quahty indicate 
that they should be classed as subbituminous coals. The coals burn 
with a medium-long, orange-colored flame which is smoky under ordi- 
najy circumstances. The ash is fine and has a gray color. 

The Fort Union coal from the Big Sandy district contains a lower 
percentage of moisture than those from the other districts, and con- 
sequently stocks to better advantage, as it tends to slack more slowly 
than coal containing high amounts of moisture. The amount of ash 
varies from medium to high, and the heating value from 10,156 to 
10,526 British thermal units on air-dried samples. The coal is 
therefore subbituminous, but close to the bituminous grade. 

The low heating value, the low specific gravity (about 1.3), the high 
percentage of volatile matter, and the low percentage of fixed car- 
bon show the coals to be of value for gas-producer purposes and 
domestic and boiler use. 



Digitized by Google 



102 CONTBIBUTIONS TO EOOKOHIC QEOLOOT, IMS, PABT n. 

Two things are essential to insure the most economical results 
with fuel of this class when used under boilers. First, as the coal 
disintegrates rapidly on losing the large percentage of moisture 
which it contains, it is necessary to use a fine grate similar to the 
herringbone type in order to minimize the loss of coal passing 
through the grate bars. Second, a suitably high draft is necessary 
to insure perfect combustion. 

QUAHTITT OF COAL AVAILABLE. 

It has been pointed out in the foregoing pages that the greater 
part of the field with which this report is concerned is covered by 
glacial and alluvial deposits and that the complex structure is greatly 
obscured by this covering. Consequently, at the present time it is 
difficult to estimate even approximately the total quantity of coal 
available in the region. Future demands for this grade of fuel may 
encourage detailed prospecting with the diamond drill, which will 
give the data necessary for estimating the tonnage of available coal. 

CONDITIONS OF MINING AND TRANSPORTATION. 

The largest and best-equipped mine in the field is that operated 
by the Havre Fuel Company, which has installed one of the most 
modem surface plants in the State. The cars are hauled in the work- 
ings of the mine by mules to the foot of the incline, where they are 
attached to a cable and drawn to the surface by steam power. From 
this place they are hauled by a 10-ton Baldwin Westinghouse electric 
locomotive to the tipple, about a mile southeast of the mine. Here 
they are weighed and automatically dumped, and the coal is loaded 
into box cars on a spur of the Great Northern Railway which has 
been built across Milk Itiver from the main line of the railroad at 
Havre. The only other mine in the field having a steam surface 
plant is that of the Mackton Coal Company. At this mine the cars 
are brought to the surface by a steam hoist, dumped into a chute, 
and conveyed to bins, from which wagons are loaded. Coal from the 
Staton mine is hauled to Havre partly by wagon and partly by 
traction engine. A railroad line has been surveyed connecting this 
property with the main line of the Great Northern Railway at 
Havre, but as yet no grading has been done. The coal from the 
other mines in the field is transported by wagon. 

The mines in the field employing the largest number of men are 
those of the Havre Fuel Company, 4 to 30; the Mackton Coal Com- 
pany, 4 to 16; and the Staton Coal Company, 4 to 10. The other 
mines and prospects in the area employ from 1 to 3 men each. 

The roof and floor in most of the mines and prospects in the field 
are soft sandstone or carbonaceous shale, making it necessary in 
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most places to leave coal in the roof to keep the entries from caving 
in. Extensive timbermg will be necessary when mining is done on 
a large scale, and this will add to the cost of producing coal, as there 
is no timber in the field suitable for stulls, lagging, or props. 

FUTTJRE DEVELOPMENT. 

Aa the coal of the Milk River field is high in moisture and slacks 
rapidly on exposure, it can not be shipped great distances in uncov- 
ered cars. The rapid disintegration of the coal when burned, 
together with its low specific gravity, make it a poor raib-oad fuel 
with engine grates of the present pattern and the strong draft of the 
locomotive, as much of the finely-divided coal would be lost through 
the grate bars and the stack. Consequently the future development 
of the area will depend largely on an increase in the population of 
MUk River Valley. If the several large reclamation projects which 
are proposed in this general region are completed, the population 
will greatly increase and there will be a greater local demand for 
the fuel. 

A few carload shipments have been made to Seattle and Spokfme, 
Wash., and to Helena, Great Falls, and Conrad, Mont., but the 
greater part of production, which was 24,847 tons'* in 1907, is con- 
sumed locally. 

oUbieral Reaourcea U. S. lor 1907, pt. 2. U. S. Oeol. Surrey, 1S06, p. K. 
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NOTES ON THE COALS OF THE CUSTER NATIONAL 
FOREST, MONTANA. 



By Caeeoli, H. Wegemank. 



INTRODUCTION. 

General fntuation. — The Cxister National Forest, comprising an area 
of approximately 950 square mUes, lies to the eastward of Tongue 
River in B0uthea'?tern Montana, a little north of the Montana-Wyo- 
ming line. Its coal field is a part of the broad area of coal-bearing 
rocks of Eocene age, which extends from North Dakota across Mon- 
tana far into Wyoming. 

In the spring of 1908 it was the writer's privilege to accompany a 
small party from the Forest Service engaged in the examination of 
timber in this region. In working from the camps it was impracti- 
cable to trace individual coal beds from township to township over 
the area- Beds were traced in separated localities as time allowed, 
and for correlation recourse was had to detailed stratigraphic sections. 
Although data of this nature are sometimes misleading, the informa- 
tion gathered in the four weeks spent on the work was sufficient to 
warrant the classification of four townships in the northern part of 
the forest. 

Relation to other fields.— The yellow beds of the Fort Union forma- 
tion are the only rocks exposed within the area. They lie practically 
fiat. To the north they lire continuous with the rocks of the Miles 
City coal field;" to the south with the rocks of the Sheridan field of 
Wyoming.'' 

Routes of travel. — The post-office of Ashland, the home of the forest 
supervisor, is situated at the junction of Otter Creek with Tongue 
River and is reached by daily stage from Forsyth, 65 miles away. 
There is also a main road up Tongue River from Miles City which 
runs through to Sheridan, Wyo. Stacey post-ofiice, on the northeast 
border of the forest, is reached by a stage road up Tongue River and 
Pumpkin Creek from Miles City. There is a good road up Otter 
Creek, and wagon roads follow most of the larger tributaries of the 
above-mentioned streams. 

oCollier, A. J., andSmlth, C. D., TheMnesClty««lflrfd,MoDtana: Bull. U. S. Qeol. Surrey No. 341, 
1B0», pp. 36-61. 
t ThU, ]. A., The Sheridan coal fi«ld, Wyomlag: Boll. U. g. Oeol. Survey No. 311, IftN, pp. 123-150. 
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TOPOGRAPHY. 

The topography may be discussed under three main heads, the low- 
lands, the badlands, and the uplands. Terraces occur along Tongue 
River, but they are of small extent. 

The lowlands consist of the present river flood plains. They con- 
stitute the lands available for irrigation and are very fertile, alfalfa 
and oats being the principal crops. 

Badlands are not as typically developed in the yellow beds of the 
Fort Union formation, which show little variation in texture and 
hardness, as in the alternating hard and soft rocks of the somber- 
colored beds which underhe them. They are present, however, in this 
area along certain streams — as, for example, Pumpkin Creek and its 
tributaries. Here they form a transition zone between the uplands, 
which are but little affected by erosion, and the river flats, which have 
been completely leveled. They represent, in fact, the maturely devel- 
oped topography of the region, sharp ridges and deep canyon-like 
valleys alternating with one another in such rapid succession that 
travel across the drainage lines ia often diflicult. 

The uplands rise in abrupt escarpmenta from the lower levels of the 
badlands or in places directly from the river flats. Their existence 
is due to the heavy beds of baked sandstone and shale formed by the 
burning of the coals of the region. These "slags" that cap or rim the 
uplands effectuaUy retard the down-cutting of the streams which 
drain them and so protect the uplands from degradation. When the 
slag cap is once dissected and the soft rocks below are exposed to the 
conditions of erosion in an arid climate, badlands are formed, pro- 
vided the main streams have sufficient gradient for rapid cutting and 
other heavy slag beds do not interrupt the work. Each heavy bed 
of slag determines an upland area. These may rise one above another 
in a seriesof benches to the high divides between the streams. Some 
of these benches are gently rolling, forming excellent grazing land, 
and in some places being suitable for "dry farming," or the raising of 
crops without irrigation. Many of the ridges rise 200 to 300 feet 
above the valley floors. The total thickness of rocks exposed from 
Tongue River to the crest of the divide is 1,200 feet. 

Drainage. — The portion of the forest examined is drained by 
Tongue River and two of its larger tributaries. Otter and Pumpkin 
creeks. Tongue River, which follows the western border, rises in 
the Bighorn Mountains of Wyoming and flows northeastward to join 
the YeUowstone at Miles City, Mont. The Custer Forest is situated 
about halfway along its course. Otter Creek rises a little south of 
the forest and flows northward across it to unite with Tongue River 
at Ashland. Pumpkin Creek rises on the eastern border of the forest 
and flows northeastward paraflel to Tongue River for a considerable 
distance; then turning northwesterly it joins the main stream about 
12 miles above its mouth. CtOO'^^'Ic 
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Stratigraphy. — As haa been stated, the only rocks exposed within 
the area are the yellow beds of the Fort Union formation, of early 
Eocene age. In the Miles City district the underlying dark shales of 
the somber-colored beds are also exposed, and the contact of the two 
may be traced as one rides up Tongue River. At a point a little 
below Coleman's ranch, about 10 nules north of Ashland, the somber- 
colored beds disappear beneath the river. The beds of the Fort 
Union formation are for the most part white and cream-colored shales 
and sandstones which present but slight variation in texture and 
color. At intervals occur thin beds of impure limestone which, 
being harder than the adjacent rocks, stand out in small ledges. 
Here and there thin beds of gray shale and of brown carbona- 
ceous shale may be observed, but the beds most easily recognized 
in the section are the subbituminous coals and the slags formed 
by their burning. In fact, the coal beds furnish about the only 
means by which different portions of the section may be recognized. 

About 400 feet above the base of the Fort Union formation appears 
a series of gray sandstones and shales approximately 100 feet in 
thickness. It contains numerous thin beds of ferruginous limestone 
which weather brown and red. The resemblance of this part of the 
Fort Union to the typical somber beds is striking. Whether or not 
these rocks are constant in character over any considerable area it is 
impossible to say. Their occurrence is probably of no great impor- 
tance, simply showing that during the deposition of the Fort Union 
formation conditions recurred similar to those which prevailed while 
the somber-colored beds were being deposited. 

All these strata are of fresh-water origin. Many of the thin lime- 
Btone layers contain fossil leaves, and in the dark shales just men- 
tioned there are several thin beds rich in gastropod shells. 

Structure. — So far as could be determined the rocks within the area 
are horizontal, the dips being too slight to be detected with the 
instruments employed. 

COAL. 
GEMERAL DESCRIPTION. 

Coal beds ranging from a few inches to many feet in thickness 
occur throughout the stratigraphic section in this region. They 
seem to be fairly constant in thickness and quality over considerable 
areas, but too much reliance should not be placed on this continuity, 
for shale seams appear in many places, rendering a coal valueless 
which at another locality is workable. Coal beds run out into bone 
or black shale or disappear altogether. On the other hand, if several 
exposures of good coal are found on the same bed at intervals of a 
mile or two, the bed appearing to be fairly constant in thickness and 
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quality, it is very probable that the coal is good between the expo- 
sures, although it may be completely concealed. 

Silicified logs were noted in many of the coal beds. Some of these 
logs appear as slabs representing but about one-third of the original 
trunk, the upper side being flat and the lower conforming to the 
shape of the original log. In some places the logs when partly 
decayed were undoubtedly crushed and flattened by the load above 
them, but it is possible that in others as the log lay in the bog the 
upper portion turned to coal whUe the lower under different condi- 
tions was silicified. 

The coal of this field is somewhat darker than the Miles City lignite 
described by CoUier. When first mined it has a brownish cast, but 
soon blackens on exposure. The grain of the original wood is for 
the most part well preserved, yet there are seams between the woody 
layers which have lost all woody structure. In them the coal is 
black and siiiny with conchoidal fracture. 

That the coal is subbituminous rather than lignite may be ques- 
tioned. It lies near the border line between the two. On the whole, 
it resembles more the aubbituminous coab of the Sheridan field than 
the lignites which occur cast of Miles City, being darker than the 
latter and containing a greater amount of material in which no 
woody structure is apparent. The Sheridan coals run as liigh as 
10,000 British thermal units in calorific value; the Miles City lignite 
runs about 8,200 British thermal units. No samples for analysis 
were obtained from the Custer Forest, yet an idea of the probable 
calorific value of the coal may be formed from the values in these 
adjoining fields. 

DEVELOPHENT. 

Mining development has made but slight progress in the Custer 
Forest. Coal is so plentiful that almost every ranch has its own 
bank, where the coal is obtained by stripping the surface and mining 
from the open face of the bed. No drift or shaft was seen by the 
writer, and until a railroad runs up the Tongue River valley the 
demand for coal must be but local. 

DETAILED DESCRIPTIONS. 

In the following descriptions the area is taken up by townships, 
beginning at the northeast corner of the field examined antl passing 
from east to west. 

T. 1 S.,R.4^ E.—Two be<isof good coal with an interval of about 
60 feet between them are exposed along a coulee in the southwest 
comer of this township (PI. VII, No. 1). The lower bed, whjch is 14 
feet in thickness, has been worked to a moderate extent. The upper 
bed is about 7 feet thick. It has not been prospected at this locality, 
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but about a mile to the southwest it has been mined. Both beds, 
like most of the coal of this region, have burned widely, forming 
marked "slag" horizons. 

North of the Charles Daly ranch in section 18 coal is exposed in a 
hillside. The bed is at present ao obscured by slumping that a meas- 
urement could not be obtained. It is stated, however, that this coal 
is of considerable thickness and was formerly mined. It is by 
barometer 110 feet below the 14-foot bed in the southwest comer of 
the township. 

The coal outcrops in this township were not mapped. The coal area 
is probably confined, however, to the southwestern portion, as the 
beds described have been removed by erosion from the northern part 
of the township and the presence of lower workable coals is uncertain, 

T. 1 S., R. Jfl E. — Coal is mined foruse at Stacey poat-office in sec- 
tion 36 of this township, where about 7 feet of good coal is exposed. 
The bed probably corresponds to the highest of the three beds in the 
township to the east (PI. VII, No. IB). No coal outcrops were 
traced, but it is probable that the greater portion of the township is 
underlain by workable coal. 

T. 1 S., R. 46 E.~The high divide between Beaver Creek and 
.Liscom Creek runs across this township from northwest to southeast. 
Several coal beds are exposed on the higher slopes of this divide, but 
they underlie comparatively small areas. The important coals for 
the classification of the township are two in number. North of the 
Kelsey ranch on Beaver Creek, in sec. 6, T. 1 S., R. 46 E., over 7 
feet of coal is exposed in a bank opened by Mr. Kelsey (PI. VII, No. 
2A). The coal is of rather inferior quality, containing specks of 
clay and small particles of pyrite. Its outcrop is indicated on the 
map. Sixty feet above this coal is a slag which may be traced south- 
eastward up Beaver Creek to an exposure of coal in the NE. i sec. 
27 (PI. VII, No. 2B). This bed is 11 feet 4 inches in thickness and 
apparently of good quality. This coal is by barometer 335 feet 
above Tongue River at the mouth of Beaver Creek. It is probably 
the same bed as that which is burning about 3 miles north of the 
Kelsey ranch across the divide, where along a coulee about 20 feet 
of coal is exposed, but the bed is separated into two benches by 2 
feet of brown shale. It is possible that the coal which is here on 
fire corresponds to one of the two beds which have been described 
as burning 6 miles northeast of Ashland. 

Two other coals occur, one 50, the other 75 feet below the Kelsey 
bed (PI. Vll, No. 2). The lower is 3 feet 4 inches in thickness in the 
SW. i sec. 7, No lower coal beds of value were observed above 
the somber-colored beds in passing down Beaver Creek to Tongue 
River. 
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Ijiscom Creek within the Hmits of the township has not cut down 
to the horizon of the Kelsey coal, so that the whole township, except 
that portion along Beaver Creek indicated on the map, is probably 
underlain by workable coal. 

T. 2 S., R. 4^ E. — Several coal beds outcrop along the slopes of 
the divide which occupies the western portion of this township, but 
the principal coal of the area is the heavy bed indicated on the map. 
In the NW. \ sec. 28 this bed outcrops at several points along a coulee. 
A pit opened for mining exposes 7J feet of clean coal without reaching 
the bottom of the bed {PI. VII, No. 3A). In the SE. i sec. 16 the 
same coal is exposed, but no other exposures of this bed were found 
within the township, the outcrop being traced by the heavy slag 
or clinker formed by the burning of the coal. The valley of Pumpkin 
Creek may be underlain by the bed of coal outcropping in section 18 
of the township to the north. This bed is by barometer about 100 
feet below the coal here mapped. There is no assurance of its presence 
in this township, however. 

T. 2 S., R. 47 £■.— The Otter Creek-Pumpkin Creek divide, which 
reaches an elevation of nearly 4,000 feet above sea level, runs across 
the southwestern portion of this township. This divide contains 
several coal beds which are in general bimied along the outcrop, but 
which probably contain much workable coal. Time was not taken 
to map these upper beds, as it was considered that the classification 
of the land would depend on the lower beds in the township. Of 
these there are two outcropping in the valley of Little Pumpkin 
Creek, in the northeastern portion of the township. A good exposure 
of the upper bed occurs in the SE. J sec. 5. The bed is over 7 feet in 
tliickneas and the coal is said to be of excellent quality, burning with 
but little ash (PI. VII, No. 4C). 

A rather poor exposure of the lower coal occurs in the SW. J sec. 
35 of the township north of this. About 6 feet of coal were measured 
here (PI. VII, No. 4B). Acroas the divide to the northeast coal which 
is considered to be this same bed has been mined to a small extent in 
an open bank. Here the coal is 7 feet in thickness. The outcrops of 
these two beds were traced in the mapping by means of the slag 
formed by the burning of the coal along the outcrop. 

About 1 mile northeast of the exposure last described a bed 60 feet 
lower in the section has been worked for local use, and contains 14 
feet of good coal. (See T. 1 S., K. 48 E.) 

T. 2 S., R. 4^ J?.— This township occupies an area of considerable 
elevation between Beaver Creek and East Fork. No coal outcrops 
were traced here, but the whole area is believed to be underlain by 
workable coals which outcrop at lower levels in adjoining townships. 
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In the SW. J sec. 32 about TJ feet of good coal is exposed in the bed 
of a coulee and is mined for local use. This coal is by barometer 
about 400 feet above Ashland. 

T. 2 S., R. 45 E. — About 6 miles northeast of Ashland, in sec. 7, 
T. 2 S., B. 45 E., is a considerable area in which two beds of coal are 
at present on fire. The beds are about 60 feet apart, the lower being 
265 feet above Ashland. Neither of these beds is exposed, but to 
judge by the amount of settling of the surface over the burned area 
they are of considerable thickness. 

T. S S., R. If5 E.— Near the Pete Daly ranch, at the mouth of the 
East Fork of Otter Creek, 4 miles southeast of Ashland, 38 inches of 
coal is exposed in the creek bed. The base of the coal is covered. 
It is probable that this is the same bed as that exposed on Tongue 
Kiver near Ashland. 

T. S S., R. U E.—ln sec. 10, T. 3 S., R. 44 E., 1 mile west of Ash- 
land, a coal bed 5 feet 7 inches in thickness outcrops just above the 
level of Tongue River. The coal is of good quality and has been 
mined for local use. Six miles down Tongue River from this point, 
at the mouth of Culberts Coulee, a careful examination of the river 
bluff failed to show any coal over 2 feet in thickness at about this 
horizon. Whether this bed is thinning toward the north or whether 
it is simply obscured by the slumping of the soft shales is uncertain. 

If the writer's correlations prove to be correct, five workable coal 
beds occur within the first 400 feet of strata above Ashland. Two 
higher coals were measured, one 10 feet in thickness 700 feet above 
Ashland, the other 11 feet in thickness 650 feet above Ashland. 
These are found only on the high divides and extend over compara- 
tively httle country. Several heavy slags also were noted, the coals 
of which were not found. No mine openings were found on the two 
highest beds. This is not because they are inferior in quahty to the 
lower beds, but because, occurring only in the higher hills, they are 
more dilficult of access. 
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